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immm 1 ] 

G a A s S*fx±lc , U -■v^t*fft^^-*^3Sc < k t 1 H^ffl^#p.v^ttni k k £1u 

t * « tt js * % a, « us n « « t - *<n±.ffl&vr&\zWirt%nrz±.ffiixmm.jkvTffim 

ffiJiB±iBS«tti5 <k v/*-fcttTSI5JS*f«aiJ . IS *f2fc&'« ft L AWft^^iST 

m*i$ikfttiiy' 7 v f Jxttift*5 4"5r < k fc-g&tt. A 1 . G a , As k LTt 

HOiev^ttJS k A 1 . Ga, As^±/&7>kLT#t?¥iIt#lfkc50|lT<fcoT. A 1 . G 
a . A s k L T £-t?¥##Ji L T . A 1 . In, P k L T ^ty^iP 

ttH L . 

A 1 . G a , A s $±B^t LT#t?iuie*i|*®t A 1 , In, P^ifi^UTt 
t?Huie^iP#W k <o^ffi*«^^«^*P«o||J<?)<ia k- L fee k *^fj» k -t * ASH #3! ¥4* 

mmm imm^m^^tm^mw u - -hc^ot . a i . in, p k lt s&mm 

¥m&m\Z. (A 1 a G a i- a ) b I n j_ b P ( 0 < a < 1 . 0 < b < 1 ) 

k t & mmtm^mw u - . 

G a A s S«cJil= . u -f*t%4tS^i <H1 II ^if#P v^ttH k (9? If li k%* 
*SvSttJS*^je#!§gg«iiSfc. ^^±a&VT«lc»(tio*ifc J:. S W flt & v T W fx 

mi le ± r im 4? j: v/ * ii t m m m it it . js n m *>* m m m \z n it l a m -x * * % t 

S*¥4p##fli -v fjxttffi^* < k t-»tt, Al, Ga. As^ii^UTt 

HuieS'ttH k A 1 . G a . As k L T #tf¥i?#JB k «wffiT*> o X , A 1 . G 

a. A s5±)^5>i: LTttf*i|#llcitT'> A 1 . In. P^ilS^t LTttf (A 
1 a G a i-a > b Ini-b p ( 0 < a < 1 . 0^b^l)/f£1fL. 

Al. In. P*±iS»UTttf (Al a Ga|. a ) b I n|- b P (0<a<l. 0 
< b < 1 ) IB ic U . plh'-'OhtL T M g ( v r * >• ^ a ) frffifia £ n , A 1 . G a 

G a A s M_htc . u --f^ft^-**^* < k t 1 H^fiT-^p tfSttH k RBJB k £W 

■t * fc&m*% tznmm^tt t . * <n ±& & v t &\zm-t <onrz±.&m.'M m.7kv tub. 
Buie±^/x^itfc «k v/z rzitTffiixwm.it . njf^^/^Knfifs ic^ft l aw^^^-rt 

m^^Wftm -7 7 v r/xttlS^^'Sr < k i-gBtf, A 1 . Ga. As^tt&HTt 

HUievSttH k A 1 • Ga. As^iS^kLTttf + ilftliiwBf ftoT« A'l . G 
a. As?:3lfiS^kLT^ty^4?#Iilc}#LT. Al. In. P k LTstf (A 

1 a G a | _ a ) b Inj_ b P (0<a<l. 0<b<l)H**L. 

( A 1 a G a j _ a ) b In l-b p (0<a<l. 0<b<l)Jlli. Al InPkGa 

i n p k h % & femm&fei-mmiz j= •? nfc^ip^ns c k^^^k^-*® 
[it^Ji5] 



. m^^-*fmco-ffl\t. A \ G a \ n p m £ *) % K) . 

m 16MT#P viSttJf li » Ga c Ini_ c P d Asi_ d (0<c<l. 0^ d < 1 ) >b 
*r *) . 

mi 15 Wlli . Ga e I n|. e P f As|.j ( 0 < e < 1 . 4^44:t 

c k tt^iBM^il* u 

[»*3S 7 ] 

G a A s ffi#x±lc . ■L , -^}t*JI4t«iH: <H1 H fi # P viS H k BBflB k £1? 

mm.t^^-t^-nm^mm^^'t^m^ytm^m^i' - ic *? ^ t , 
hu ie ± /x t-f it *? * **:iJT'gBJx*miJ. ja ff m m m m \z % it la <m *t a =f 

S^Vfl^fll "/ 7 -v r/xtm^^^ < k t-gBut. A 1 x G a |_ x A s ( 0 < x < 1 ) 
(c «fc 4f&Hgjff kAl y G.ai- y As ( 0 < y < x < 1 j lc J: 4 IjiUff 3?- H k»^4 9 

t HulfivSttfl left ^Sv^ilff s£H li. (Al a G a 1- a > b Inj_ b P(0<a<l. 

0 < b < 1 ) a* <b =5: 0 . 

Iffligfteggttft k BOiB±«JS'«t«fc«fc V/ * li TSB/xltffE^ vSttHi Ic M t jffiu M Jff 
M k ^^S^fS^S #*fi<olgtf)tei: Ufc: k 8S k t4ffll^I*i|# u - «f . 
[Sf^Jl9] 

irf*«**A lAs*^4i»l T^ixttMk . MDtM^A 1 x 1 g a !-x 1 a s < 0 
<xl<l) t>f)ft«»2 TWfZm&Lt . ^&<k*LlJi^<b&s (Al a G a j_ a ) b 

1 n i_ b P ( 0 < a < 1 , 0 < b < 1 ) ft® Iff mm k fr<bffii$.£ ftT\^4 C k fcftJR k 

[Iff^JM 10] 

8 ie®^®^7tS^4?# u -^iciJv^T . Al yGaj-yAs ( 0 < y < x < 1 ) 
lc«fc4^JS*f2fcJB4: (Al a Ga l-a> b In l-b p ( 0 < a < 1. , 0 < b < 1 ) ic J: 4 

&mnmm t wmm a n 4*3-, * *>?sifflic (Ai a Gaj_ a ) b in 1 _ b p(o<a< 

1 , 0 < b < 1 ) MffMJ^^Al fflBR<W/jN 3v>(Al al Ga|- al ) bl In|_ 
bl P ( 0 < a 1 < a < 1 . 0 < b ! < 1 ) lc £ 4 + W IB fc* K 1+ «b *i T v 4 c k £:ftf&k. 
t 4ffif£ftM¥i§l#u 
11] 

is*Ji 8 nmmmm i o^v^-f ti^-JiiciefSco®i%7t^^4p#u -■f.icfcwT, iiuse^ 

14J1 k Buie±gB/x^Mtf «fc fzltTffiixMMt coffliz it. -< - *t m b'&l-t >o tiT is 

*) > IS Ji — SB li . hu 12 A l G a I n P (ft® j»T */l * 9 t) ^* > K ^ ^ v ^ *"Jv ^ 

o ( A 1 a G a )_ a ) b I n |_ b P (0<a<l. 0<b<l)^^^0- 

HSaea^ttPfSttJBtt. Ga c Ini_ c P d As|_ d (0<c<l. 0<d<l) 
«f *> . 

mm^&mit. Ga e lni_ e P f As|_ f (0<e^l. 0<I<1) 

im&m i 2 ] 



[8t#*H 13] 

mmm s n^nn^m i 3 m^-r n&*-JH icseis^ra assist # u - ic^^t . itoic^ 

i|#»lfi^7 y. r!xmm^A 1 x G a ,_ x A s ( 0 < x < 1 ) IC «k * ft JS JFf IB k A 1 y 
&a|- y As ( 0 < y < x < 1 ) lc & £ MM ft m W k \z It . plh'-'O h t UC ( hk 
f&) **^jn 3n, HtlieCAl a Gai_ a ) b I n|. b P ( 0 < a < 1 . 0 < b < 1 ) <b 

& z> &mftmm \zit. piH-'OhtiTMg ( •* r * > *? zo t^^nu z nx\^ % z t 

[It^Jl 1 5 ] 

sf^Jl8 Ti^m^Jl 1 3 <m>-?tt^-Jlicie«X<7>ffl?E7fcaS¥i§i# u --vicfcuT . (A 1 
a G a j_ a ) b I n i_ b P ( 0 < a < 1 , 0 < b ^ 1 ) <b & -5 ft® ft mm It . A 1 I n 
P k G a I n P k fr>h%zmmMm&Tffimiz «fe •? fllflRS *ifc¥i*#JB?*>* - k*Wtt 
'k "t SSi#&*fca!¥i?#.u 
[8#^JM 16] 

m&ms . ta#Ji6 . mm%7 . i , i^ni 2 , 1 3 <m^-r ti^-mc 

mi •? ^i£:flT-#>& C k fcJffSSt'fc t5Sft)l£Ifif#l' 
[ 3t ^ JH 17] 

1 FjSSit^Jl 1 6 <mwn &»-JB£ie««otBS£$ta!¥i*f+: u - vie fc^T . M.'^J-i 
3& «X m U U . (1 1 1 ) A IS 7y ft tc 5 ■ 6^2 0' <r> $E ffl ft t ffl ?4 L fc (1 0 0) fffi 
TJ>5 z k*!fttSk-*£iHifl7fcS!¥i*#u -V. 
[M^JI 1 8 ] 

tit^H 1 7 ie«5^ffl%->\!;S^4|t# u - VlcfcuT. ftaj*t^faa»«b JLfc7£ttJB*>*KJ5IJI3:|* 
tt. (11 1 ) ABS^lSnc^ffStt k & €> # ?J £ 1f L Tu * c k k iT £B0?% 

KM*i»1*l> - V. 
[Sf 1 9 ] 

is^ji i ^sif^Ji i 8 <n^-t nfr-mizmm<r>ffimtm*mte u -"f*«R]-as«c±ic« 
immm 20] 

Si^Jl 1 9 ie«<7>Hfl^t3!^i## l §iAA3tlt LT«/.I,C t^^SKtt 

[H^JI 2 1 ] 

mji 1 ftMtnmm 1 8^u^n^-Jiicge«s^tffl?£7t3!^#:u -vxtiit^n 1 9 ?;e 

2 2 ] . 

Ift^Jl 1 7iS»^JM 1 8 ^)ufJi ^-JIlcififll^Ba^JtS^ip**: u - ^'XlJ §S3pJI 1 9E 
iS^>S^7tS^i9# u u A * JtiK k LTli * c k k -t STtigHUE: x A - * 

[If ^JI 2 3 ) 

if 3^ji 1 n^m &m 1 8 cou-f ri^~mizmm<r>m^m^mw u - ^xtjm^Ji 1 9 se 

[If^Jl 2 4] 

If^Jl 1 T^SIff^Jl 1 8<n\*-ftifr-ftlzl£ft0>mE.ftM i E#i*L -^XtiiMH 1 9 IC 



9T v-f : KM it ^ a. - iu . it a. — ^ JSl V^tJg ffi i' x .-f- 
[ 0 0 0 1 ] 

•v 4» r v 7- , 7t.^ f!tx--'K TtM'Sf! t ^ ^ - a, Jk u^tm it> * t uizWt h . 
[fff$»r] 
[ 0 0 0 2 ] 

Hf&7t^^i|#U--4-- (VCSEL) tt . SfficlcWLT&iSTjlSjlCTt* tfcj ft "t -5 #1* # 
L -fTi 0 . SIS Eiffel 3! ¥ # U --^icJ-t^TfficrJ X h TSS1*.BB*«» «o n -5 C <b . 
1t4.i/ 9 zi * 9 i, a > 5: co Ttii ft co 7t ffi . 7t t" y ? t -v -7' Jf] 60 it iHL u - V V 'J > y # 

[ 0 0 0 3 ] 

[ 0 0 0 4 ] 

C 8 5 0 nm3r- 9 8 0 nmffiaSttlS'N^.^ t 'J i: jA^ij'^ffffcl., M 

#ft ic . 8 5 0 n m?&T tt . if #P fSttJl IctiGaAs o «b ft - Pf If IS 
IS Ic U A 1 GaAsi'fflv^ftTuS. £ «b ic . Itti^'Al GaAsI 

ixim (dbr) a i 8*fti8s**uffl Lrzmmw^mm*n mx-§ -sco?. ssfflu-<* 

^'ttl^llUuS. IB it 77 ft IfciJ W ic -a v ^ T tt . >t tB tt 77 ft «b JL V7§ ffc IS co '/f mi ; l£ 

* "7 ic (31 1 ) BIf> -7 $ *) (100) a* <b (1 1 1 ) B m 77 rS] ic 2 5 * (tH?4 ( o f 
f) LfcSi4fflv^:tT\ tfH?4 L £ 77 ft <^ ft < & 0 , #3 it 77 fa ©J P ft* 

HTlTu^tfc, CWT^ft/j'tTji^ tllui. (3 11) A S >Hx t la] +3 * Sfi 

LfrL. ±Z < ffl&Lfc (311) Bg*x±^*o*Sf&fiK:H ! b (100) 3S.*Sc _t ^ «S 

H ^ ic it ^ t it l < ^ * *» , (3 i i ) a m m ±^ co «s n is $ «b ic m m t *> t v » 

fgW±~t -5 c t * , -n S L iz < < Tiu tc < o 4 irco ^ > >) v h . 
[ 0 0 0 5 ] 

-77 . 8 5 0 nmi ni-MST-tt« if #P vSttJl ic A 1 * » L T '< > K ¥ + v 
< 7 8 0 n.mffiTIi, A 1 1 2 %6)$6*SS/ni3 HTv>l> 

. L ^ L . Pf 11 ^ x ^ — +M1 t co y< > h* ^il^cJS?*/J^ ^ < 4 0 yg'liJl'\co * ^ >) t m c 1A 
ft^iC&oTLS 7fcfti:, 8 5 Onm^lctt^T. !t# ic ® JS?f tt ic to u T Bkbf ft Wtt 
*l#*<7)** S i: o o fcraHiSft***. lifc, St±IS ic yg'tttt A 1 ^i/)n^tiTv^ 

. !£7t^^^fitH4co{ftT^J9^T L * 9 . 
[ 0 0 0 6 ] 

8 5 0 nmil t S i^^^co ffi f&Jt S^igf* u - *f T-.^ % it H «S ^ -fe > ? co ff 5 r& m X. 

Al7'j -vS1±$B1b& (ttf#P ®tfe!8 > & V-eillc|»i«t*JB) 4Bfflt47 
8 0 n m^ffl%7tS^ii# U -^'coJi^ ( >ci^ 1 #M) ***>-5o g # ft ic I J . ffi-7-# 
pSttli: l^.^loivit.ft^G a As Pib'fflv^bti, PSSJBlcii. HI «l M * * "t -5 
G a I n P fjft, 7 'V Kit. mi Tkum 3 if ftp vSteJB fc toffl 

co^) ictt, ftfg^G a I n P o ^Jl. 9 5 v K il IC li v A 1 G a I n P ft^fflv^ "b 
ftti>4. C *l IC «fc *i IS , Stt««4*A I 7 'J-4tf)T^fflttil)*a#3ft4. 
[ 0 0 0 7 ] 

$ <b IC » ff >C UK 2 IC <k niS » C co J; 7 4 gtt^ia A 1 7 'J - IC cfc -5 5/j fi Ic flu T . 

vSttHco^J#^^§ < tzfzdhiz . If -ftpa-ttllcEll^f t^G a I nPAs^ffi 
. BKIBlcftf SS^XtSgi of 'JiJftiGa I n P fcfflo . x^--f)S ( 9 7 v K 



lit, 11 Jkvm 3 m.T#Fy£&m t <nffl<7>m) ic^-Tfea A 1 G a I n P fcfflu . ? 7 

•v KHICA 1 G a 1 nP (*-<--^J§J: 9A 1 ffl^^:) * ffl o 7 8 0 n m 3? jffi ?t >M 

-*ffc*Jl^<* *iTu£. C«offi^^ai^^#U --fH. If fr-^lfc 1 <o«JSlc It ^ 

T , WB:JB ft'^^-'SS^Tft 0 . EE*S^fflflK«*: 0 t ><> K * * "J * 'IT 
IB i; (fflc £ o TuS. 
[ 0 0 0 8 ] 

S ?fc ?7 fa frj iSI Ic out . Ifttlfcitt 2 icii. S m <r> B5 7j •(£ & (10 0) 6» «b (1 1 

i ) ' ABB^isj*fctt (i i i ) Bra ^ftic i 5° J1I4C nmmftnpi®. (wmft) ic 

lfl(8LtIffi%fflv>. ^jfUfSSTJttS: fijffl L . 5SlcJEiBli%1r't* I n A l G a A s . 
[ 0 0 0 9 ] 

*f SFFSriW 3 tc a . > vmVf&PlB. ffiRf^fcliSR^UT, £i**>7j[Sj* ( 
1 0 0) *-^> (1 1 1 ) A ffl 7j ft 3t tt (1 1 1 ) Bffi^lS] i: t li^'S ft*^ $tlTv^, 
zenMa, mM<offiftit!At (100) fr<b [1 10] visile 2' off (■- 5 ' ~+ 5 ° 
#tr) <7>fc*>T*> »K AH, B ® 7a rS]"\fl£f4 L SflxT « & u . 
[0010] 

[4f n«SK 1 ] fiBf 9 - 1 0 7 1 5 3 ?fti 
['■IffFSSK 2 ] . » Hl¥ 2 0 0 1 - 6 0 7 3 9 
[If TfrJcm 3 ] }?i¥ 2 0 0 1 - 1 6 8 4 6 1 

[It'ftfffjCfflt 1 ] IEEE Photonics - Technology Lett 
ers.Vol.10. No. 12, DP- 1676-1678, 1998 
(II*) 

[ It 'Jf fF 3C tik 2 ] IEEE Photonics Technology Lett 
ers, Vol.12, No. 6. pp. 6 03-605, 2 0 0 0 (Wi 
sconsin Univ.) 

i¥tw&m& l * ■) fc--r *»h] 

[ 0 0 .1 1 ] 

L*»L4*"b, ^IffPXlK 2 icie® $ Jitu 4 «fc 7 Ic, ±T*> JxttBfcTf* * hfcftfiS 
*«*W5ttftHT. (Al) GaInP*ttfi*fflOfc|^, « Jg i§ ft ffi t A 1 
G a A s &ttft ftfc±8BJx*f» wSSLfflTH A 1 G a A s H-xco In^^t'J 

- * - - * ir , I n <o fid ( s eg r eg a t i on) f> c . m ffi M U <n rk *S 

if /jn ^ffe i;TLJ^i&/i'ib^, 

[0012] 

Sfc, 4 7cS B B a T-ftSA 1 Ga I nP tt ffic It 6** § u tvnlift^S. ^t, (A 
1 ) G a I n P ^ttfl^ plh'- h T£>& Z n (ffilft) lijftrft L ^ u 131 H V3h £ . 
[0013] 

vS'tt Jl co fij ^ < fi L § o (I , SS £ii ft T *> -d T\ fI«H±£«ft. 

(^^^InJ^SiJfflJ^ nt 8 5 0 nmi •) «b ft -K <^ J® u ffi Jfcft ? =S # u -"f ti#|3i2 ntu 
&• v, ^ „ 

[0014] 

■t&.b*>> iff ffJcffl. 1 Tli , vfittlifiS^A 1 7 - ^ <r> T fl $1 tfe a* S( # $ ti & 6* , S>t 
SiJP^^6*^$*iTo«rv^. * fz . #:ff fF*i» 2 T-ti . =5f + 'J t-P^ i: iA 6* B ^ =6: ia T- 
UlTtfMfifim ^ tiT iu. S/i, iff 2 Ttt . fiSTt^lSl^aiJiljb'Drflg 

t«:4]!>*v flfHIt^. «»<?>!»f Slc*>o fc*«*ic out , f5T «b %Jl^ ttT o&u« If:. 
:ff fr-5c^ 3 Ttt. H^^riSj^ftiJilT-S * 6*. 8 5 0 n m i ») ^ft^^Jf uffl%«t-iptt 
U-^'lcfcuT. ^fij^, ^#^ftlc o UT . {5T^%iS$nTu'5ru. 
[0015] 

^^Bfltfog^U. GaAsMilcAL In. P * ±fi* 9t fc L T # t?^i? f^H 4 



[0016] 

$ <b 4 £ @ HO tiC . GaAslffiilcAl, In. P £ ± fl£ # k L T # to ^i? ttJB ft 
< H 1 ISSI+ "b tlTo 4 E f^t 3! ^ i? # u - -f ic touT . K-e> r^n 7 r H«l 

[0017] 

8 5 0- nm«fc 9ft£«o&v>iB#£*^*#u -•»flcfl8LT. vS #. JB <?> flj # a* * § 
. [0018] 

Vflffl IS ifiKSIIfc «fc Uit fc" -v ? T v -7' to J: ^Tt^-fl =E i> =. — >v to =fc ^Tfe^'g'fg i y ^ - i 
to J: VftiifS x * t A*|g«-T -5 CUl^tLTV^. 

[0019] 

±.ie@ fctf>ic. It^Jl 1 letS^^i^ti , GaAslIllc. u -"fftfcffe 

, f - ^ ±. gi5»tvTSi5iciftitibnfc±asw«&vTa5s««k^ib * s «- 0 as m m 

ifrl5±$Ix#tMfc «fc v/i fcUT»SW*li . J5I *r $ W KH » ic IE ft L A ft >t * ft « T 

l&^ipf^tii -7 ^ -v rJxWtt<^^4 < k t-g|5tt . A 1 , G a , A sS *.bR# k L T §r 
t?¥i9f£Ji*r'bft9. 

iESttitA 1 . Ga. A s * k L TT # t?¥*fl # ffi k ^ : W ? 3h o T . A 1 , G 

a . A s k L T #ty^i|^H lc)HT> A 1 . In. P ^±n%9t k L T 

A 1 ■ G a . A s ?i«7>i: LT^tfnuie^ilttiiA 1 , In. P*J*»J:LTt 

[0 0 2 0 ] 

m^m2mm<r>mn\t. m&m \mm<»m&.itm¥&fa\s -*r\z*s^x . ai . 

I n . P £3E/&^k L T#t?mj!e^i9^/llJ . (A 1 a G a 1-a ^ b I n !-b p (0<a 
^1 . O^b^l) T*«Ck*1fafcLTv^. 
[ 0 0 2 1 ] 

38**13 ifi«<iOHBflfl. G a A s Sfxli: / u - f t 5 '> «: < 1 1 1 

+nc to T . 

HuSe±SSixfrttlto «fc V/S^ti: TSB/xtmii . JS*f ^ ** /a SB W IclS ft L Attft^Tt^T- 

SJ^ip#^-fli^7 -v 7fxWffi.<r>&% < k t-gBtt. A 1 . G a . A s £i./ft#k LTt 
ty^ipftcJi ^ «b ft 0 . 

BOSeattW k A 1 . Ga, As^i/it^kLT^ty^^f^Ilk^PHlT-^oT, A 1 . G 
a . A s ^ifiK^k LT^tf*i|#Ii:^LT, A 1 . In. P k LT#t? (A 

la G ai-a> b In !-b p (0<a<l. 0<b<l)Il**L. 

A 1 . "in. P^ifi^^t LTtt? (A 1 a G a !- a ) b Inj_ b P ( 0 < a < 1 . 0 
<b<l)Jllci±. plh'-'O h k LTMg ( ~? 7 * >- o i+ ) 6*^s/ju $ ti % A 1 . Ga 
. A s ^3EfiSii-k LT#fe-|^4pf*JllCli. plK-'O h k LTC fix 
o€> C k*«»k LTus, 



[ 0 0 2 2 ] 

mmcomniz . caAsMiic u *^ft.< k 1 ;i n 

^•^P^pv^ttJS k Rens fc**r"*sSfttii%£A,/:#fiig«tti: , *tf>±g&&vT8Bic 

Kit «bHfc±ffl5Jxlt«&VTajR««i: ft 6«RS«it**-r £ffi u - 

^ic «fc o T/xtJ-t S¥Mt##ffi 7 y riZMffi.* . 

^ ^ -v 7IxWm.<r>'J' ft < k t -SPtt . A 1 . G a , A s £it.f&# iLTt 

HUie^ttW t A 1 . G a , As k L T # t? ^ ip #11 k <r> m T ^ 'o T» A 1 . G 

a. As*±f&#fcLT£-i?¥i*#JBlc&L.T. A 1 , In. P££./&#kLTiSrt?(A 
1 a G a i-a > b 1 n 1-b p ( 0 < a < 1 . 0 < b < 1 ) W*1r.L . 

(Al a Ga!_ a ) b 1 n[. b P ( 0 < a < 1 » 0 < b < 1 ) H ! J , Al InPkGa 

[ 0 0 2 3 ] 

# w#u--fi=uv^T. BaffiSttWkfldae ± as s *t « as * v/ * t it rm fx m m.t<n m iz 

it. x - !■ t+ bill *j 0 „ IS^^-'tflS^-g&ti:. Al Ga I n P 1 J: 4- , 
iuieft^ 1 #p It. Ga c I n i_ c P d A s |_ d ( 0 52 c < 1 . 0^d<l) <h 

ft 0 . 

fwiei^M li . G a e I n |- e P f A s |_ f ( 0 < e S 1 , OS f ^ 1 ) t 
[ 0 0 2 4 ] 

as^n 6 izwrnftwit, m&M5mm<r>m%.?cm¥&i¥v -^-iza^x. mm& 

[ 0 0 2 5 ] 

IS^JI 7 M<^f&nJUi. H^JI 6 Ifi t£ <so iH IE >fc 2! ¥ u -■flcfcoT . ffiSSHt' 
[ 0 0 2 6 ] 

* fc. 3ft 8 $Zm<o¥£Wlt. Ga'Asiffiilc, H 11 

<t>»^#fyS14J1 k Rgjf k -5 Tgr ^-/^ ^^*«g^1iH^ k ^^>±a5&VTffl5lc 

m¥&i¥fttii-f> v 7l%Mm.<r>')''%: < k fc-gGtt. A 1 x G a ,_ x A s ( 0< x < 1 ) 

\z £ &&mftmm t a \ y g a ; _ y . a s ( o < y < x < i ) \z <k ■& m m $f m m 1 <^ & 9 

tBOieS&ttWlcfiitfiv^fficJajff^JBtt. ( A 1 a G a [_ a ) b I n -,_ b P ( 0 < a < 1 , 
0 < b < 1 ) h ft *) . 

[ 0 0 2 7 ] 

WMti. ffi^PJ^"b)l|B®lc, fficJSlff^Jl^A 1 A s frh ft § ^ 1 TgPixttMk , fficOJf^s 
H**A1 x i G a j. x [As ( 0 < x 1 < 1 ) ^ ft -5 lj? 2 TSPJxtt»k . '> ft < k ^ 1 
li 6» «b ft h ( A 1 a G a j_ a ) b I n ■ _ b P ( 0 < a < 1 . 0 < b < 1 ) fiJSlJf ^IB k ^ 



[ 0 0 2 8 ] 

y Ga|_ y As ( 0 ^ y < x 1 ) \z £ z mm Vf&m t ( A 1 a G a 1- a ) b 1 >"> 1-b p 
"( 0 < a < 1 . OSbSl) CJ: <& <ft 13 Jff 3? IB i: fr'fSJBS il * if a * ^^ElC ( A 1 a 
G a | _ a ) b Ini_ b P ( 0 < a < 1 . 0 < b < 1 ) fficlBJr M i HA I $ o 

(Al a 1 G a 1 - a 1 > bl 1 n 1 - b 1 p ( 0 < a 1 < a < 1 , 0 < b 1 ^ 1 ) lc «fc 4 4" ' 

[ 0 0 2 9 ] 

m^ji i i mwi<nmn\z. mmmsn^msm i o ou-r tt^-JHicsesK^sm 

7t^^4?# u --ncfcuT , itulSMJi fc ifulB_b§BJxltfff «t U/% tUTSSSWttJ: <o 
US] Ic ii , x ~< - II ib*M3: 1+ <b *i T *? 9. fi£*-<--*Ji<o-§l$li, ij IE A 1 G a I'nPfil 
J>f =fc H k * * v 3 u ( A 1 a G a i_ a ) t> 1 n l-b p ( 0 ^ a < 1 . 0 

< b '< 1 ) ^ 4 0 . 

BUlEfi^#FMi?f14/I l±> G a c I n i_. c P d A s !_ d ( 0 < c < 1 . 0 S d < 1 ) ft» ■?> 
4- *)\ 

B03B»BIBtt»'Ga e I.n[_ e PfAsi_f ( 0 < e < 1 . 0<f <1) A^i^Ct 
4«ikLtv^. - ~ - - 

[ 0 0 3 0 ] 

If^H 1 2 SB««o%ifltt. Iff^H 1 1 ie®<7)lE?£:>t«i§M* u - ^ic fcuT . flfj. 
Bgft^f #P«1±H tJ, EE«IS*1rf4Ci:««»i:l,Ti»4. 
[ 0 0 3 1 ] 

»$Jli 3 ie«*>#Eifltt. 1 2 Ifi«Xcojii^7tS^4p^ u - vicfcuT . bu 

[ 0 0 3 2 ] 

st^Jl 1 4 3BK<^MHBtt. If^H 8 VjMm 3<JI 1 3 o ~f ft -Jl lc BBSS cr> @j % 
JtSH^VttU -"iMcfc-wT, BUlE^iP^^fR ^* 9 -v fJx<tf«*> A ] x Gaj. x A-s (0< 
x < 1 ) lc J: £ {ft Jiff M Ul y Ga|- y As (0<y<x^l)lcJ: SMIfigll k 
lc li , piK-'OhtLTC ( ft m ) * t ^^d $ ii . mi IB (A 1 a G a | _ a ) b I n j _ b 
P ( 0 < a < 1 , 0 < b < 1 ) h & -5 (5 m *f $ H ic it , plh'-'OhHTMg^ 

[ 0 0 3 3 ] 

If #'*H 1 5 3B1Ktf>$£H|tt, If 8 FjSIf ?)<Jl 1 3 so v ^ *i - JK ic SB IS <n M ft 
7t^^4p# u - -f icfcv^T . (Al a Ga 1 _ a ) b In 1 _ b P(0<a<l- 0 < b < 1 
) *r h ^■h&mHf mm U. Al InPkGa InPki^t afiraUBfitt^W'iglc J: •) 48 

[ 0 0 3 4 ] 

If 3<JI 1 6lfiiX<7)^Bfltt. M?)<JI5 , MjJ<JI6 . H^JI7 . Iff 1 1 . 8! #11 

i 2 . st^Ji i 3 <r>^-fnfr-m\zmwi<nm$£i>iM i £i#& u - «f icj^t / buib^iim 

3S lc J; £ %|g&£ J: * 6 8 0 n m J: >) -& : <lk¥<T- 3h 2> Z t * t LTUi. 
[ 0 0 3 5 ] 

is^Ji i 7iB«x^>^Bfl«. mj^ji i nrnmsm 1 6 <^v^ti^-JiiciEfx^si% 
7ts^4p#u -■vicjswt, mr&-&mm<nm?5itit . ( 1 i 1 ) ae^i«jic 5 * 6^20 
' <r> ffi m ft t- &n l fz (1 00) m x* #> « c t n m t l t o 4 . 

[ 0 0 3 6 ] 

isjrji 1 8iB®tco%ai?ii. mmmi 7 mm<r>mft^cm^mw^ - vicjjwt> 7t 

ffl#^|nia»«b JLfcv£ttra*>ttJgff3ttli. (Ill) Affl^lnJIC ftuff^ & S Jfc4*K?J1± 
[ 0 0 3 7 ] 

if jj<ji 1 9iB«x^%B^tt. if j^ji 1 nmmmm 1 8 wufn^-Jiicie«^®j£ 



[ 0 0 3 8] 
[0039]. 

tft. m&m2 i mm<^^m\t . m&m inMmmn i 8 m^n^-JitciLif.x<o®?& 

C i: £ !|f £ -f 3 7t tf v 9 t v -7 
[ 0 0 4 0 ] 

[ 0 0 4 1 ] 

nm^m®- u - ifx\zm&m 1 9 lets^isif&Tfcgy^iiH* u - *r-r u -r *5taH t l t cs i. & 

[ 0 0 4 2 ] 

C t * !f$ f& t -* -5 Ttii ft v X t A T * £ . 
[f&Bfl^*] 

[ 0 0 4 3 ] 

8f 1 ■ fiWI2, Ift^JK 8 g£«;<50^Bfl|c j; n»f.- Al . In. P * ±fiK$> t LT eT 
tf^ip^JS t A 1 . Ga. A s t L T # ty ^ i§M* /f t <?) ^ iB5 % m I? ^ S ^> fli IP 
wfilt t«:tCJ:oT. Al . In.P t L T # tf ^i? # fi <r> ± ic A 1 . G 

a. A s LT#tf¥i*#ffi*«ffii«:ftLfci:*lc, I n <» ftffl V3h h C 

[ 0 0 4 4 ] 

* » msm 3 . it^Ji i 4 ie«;<o^Bfl ic <* n a\ a 1 . in, p t l t -s-tf 

^-if-frl! ic li p ^ h- - '< > h tLTMg ( v r * ^ 7 ^ ) &* j$ftn $ *l , A 1 . G a . As 

tumiy t l t #t? ^*>#Ji ic i± p m k - ><> h t l t c ^gs^i ^ n S <r> T , h* 

- ^> h > ^ 'J -Sd«*iSBT TftUaPttl* < K - f > n- RH-icfi 

K - f> ■ jr-T a v r -f ^ frm<b tl h t t 4j Ic vSf±/i<75nS^ttffis:Ti!j*fflJx ^ tl. ft l|u 
ft. ^J±5^lflfF^§iilC^3aT*§ 

[ 0 0 4 5 ] 

* fc» st^JM 4 . If *H 1 5 ie«S^%Bfl|c «k ni* . AlGalnP ISSiftraW^ $ 
nAl InPt'GalnPi 7? IS ffil »c « bR L LTuS^T, Kift'Sf ^, I 

* m ft % § © ic * ax- § « . 

[ 0 0 4 6 ] 

$ fc. IS^JI 5 . IS^JH 1 1 ie«X^^Bflic «k *i If . (Al a Ga 1 _ a ) b In 1 _ b 
P (0<a<l. 0<b<l) + ^^-^I?A1 GaAs^ 

T-ff^fiR L ^Jf^-lC tt-^T > x^-^Ji fcfi^#p?£f£JB hc7)^<> k ^ -r -v ^ M * ffi T 

* < IR* C * C IC J: »» , f&Kftftt *.k fc ^ic^^^fb (mthl)it) tZZ £ 

*^#PvSttHli G a c 1 n j _ c P d A s j-d (0<c<l.. 0< 
d<lK KIlliGa e I n !_ e P { As j-j (0<e<l, 0 < [ < 1 ) T- 3h *) 
. A 1 *#■^Tv^^:u*t1s^6*'bv^1t)B3t»»«!d5^ *it*j 0 . A 1 7 'J -vS'ti^tsi (»?#P 
Sttl. ^^^nicPJi-t^^) tLTOi<OT. ^^c75lX 3A A^f&r^T- § . #H3tS 
t5 ^ -t > ^iOff^^^ffllftiJLT. ;HUrft^ffiyE7tlM-4iif* U - ftlltS: 
EP^. Stfefi<50*J < fftggfl • ifH^T-^oT, mmftlzfttitz 8 5 0 nm=k •) ft 



[ 0 0 4 7 ] 

to •) . II^Mtc <fc *) {RUgffiffc-f & k k fcicffiSftatHfc (SSitiJHfc) tick ft'T^ . $ <h 
[0 0 4 8 ] 

St#JH7. St^Jl 13 lfitt«o#ftWJIc J: tili, if#pftttStf)l««fflt4Ci: 
J: 0 &M<^m^#FY£1±JS£l?fflT§ S 4 k. S9f*>*a»l£ a*'*. SSlc. Ga I 
n P A s &+t£l-lctooT. ^11 k ft & ¥4g# tt^li 3 i^ttS^*** S & 

[ 0 0 4 9 ] 

8H*« 9 3E«<7>!ftW!K: Jill*. Tf»Jx#tfttt» ftJB iff IC JftJB:fS(W /Jx 3 o A 1 

Slfffttjtj^ffT'iaitliVCSELft'ibtl^. 
[ 0 0 5 0 ] 

m^M 1 0 !5iR<7> ?&of)ic =fcftia\ A 1 fflfiK<7>>h<? v» + ffl li * ff A LTi' -Scot, 
Al Ga I n P k A 1 G a A s &*tft k <o £ 6*^ J§ tfti. f 4 t> ( A 1 a G 

a 1 _ a ) b In 1 _ b P(0<a<l. 0 < b < 1 ) ffic ITH *r * IS ± Ic A 1 y G a j _ y A 
s ( 0 < y < x < 1 ) JSSJSJff 2fsJB*fltJ8-*<&J&&. ^EiT'WA] 3 

[ 0 0 5 1 ] 

* ts^Ji i 6 mm<7>mniz * tat . a i Ga i nPi^^-^itfflv^zt?, 

a*«ft<)'6 8 0 nmJ: •) ilS^T^till, A17 'J-fSttflB ( ft-T#F SttflB k P9B 
II) * ffiuT . A 1 G a A s &vi§14Jllc 15 7 8 0 n m ED M ¥ ip 14< L --f <oJgg- k 
IB]#W±tf>* t'lrli; 6*51 66 k 4 £ ±lc lif#p « 1± JB <w «1 « >b fin*?* Z k *r 

[ 0 0 5 2 ] 

fft^H 1 7 lefX^fWc «tnti\ Sflx^BTj-G/^^/SL . BqTjtefc* ( 1 1 1 ) A 
ffl?Jftlc 5 * 6^2 0' <r>mwnT'ffinLtz (100) GaAsSi^fflv^^CL/: 
<r>x-. &m&feT<r>Mf&\z «k 5 >«> K -v ^^lTt> t n y ? (Jx^.XI«) M^:lc <k 
*^H1t<wSft^^ft3tS® &-b > ? ^%^ic ck S^iptt u - *f ft k<o^'< -f x^tt-x^ 
?BII$V*fttf 3 tt -5 C k 6*T-S •& . 3 >b tc \t . 14 3fe«T*> "J IS^ffe'JiBHc »if 
BP*) . mfiE. S^^mailTi^ (3 1 1 ) BiffiSfflutf^^JftjS^flffltiCtjl) 1 

mizEEmm^^-x. z z t ic * ^Tt^^j^g^tt^ii^ic * o mmtz z t x-m^t-n\^^m 

Wfl * InJ ± 3 -t± h Z k 6*T # Z> . 
[ 0 0 5 3 ] 

* . »^ Jl 1 8 IS-® ^ ic «k ti tf . $ h \z . M¥£?tm¥i#ft u - ^<7> 7t tH *f foj ^ 

•bja.fcattii<?>^«^ttics^tt«ftfc-e. (i 1 i) ae^ic Kv^fu^ k l /z<^t*. 

StixflS^^rnJ ((111) Affi^lnJ) «W5t^lQ*y»«l*^3«ijR*Wii* c k T. ii^^lnj 
<7>S0 Wtt ^ a IC 3C#-r -5 C k *'f # -& . 
[ 0 0 5 4 ] 

itm*&ik u - -^^ib]-»^±ic &&mnt * z t t-. m^u. jAAjt^s^^ffiic 

± L . « § jA A K v h mm. ** ± # L T t EP ©J al m * t t Z t ft < EP ffl X- £ h . £ . la] 



$ «b ic . ®%7t^¥*|t*u -^liMifm^x-i/jft-tSfiOT. « icf&ggco^icfc&^jAA,-? 

fijffl Lfc# SS±#*ftK5 t£S C k ITS 
[ 0 0 5 5 ] 

mm.iz tt^x mmwrn-ztf m\z -t & z t 4. skii. k lajii/g^jf *i 

l£r u -f 8c<offlcWU»5rfi6i: ft 9 . Ef&Tfc^iPtt u -f L -f * -v -7 eo $!l it # £3 £ 0 

< |SJ ± -t -5 k k t IC ffi 18Jf$j££t Hco |a X K ffcfc m £ c k 6*T § -5 . $ «b IC , A 1 7 1 

-SttJBlc J: *) . 8 5 0 nm^BB^SI^il^U -*f<o<k 9 fti§fgfflIIif&7fc£J¥i§i#; L - 

k ft 9 » mm.nffin&i&izKffi-t & z k \>x-% 

[ 0 0 5 6 ] 

-"f ^v&^lJC DT-li 7 8 0 nmi'ffli^nTfe 9 . ® 5t ?H ¥ 4* # u --f I23ifij 
BflfH^Vtt u --f ictt^T 1 tireJS^a«^*»^S ^ c fc a»<b, *f&ufl<7> 7 8 0 nm^Sj 

[ 0 0 5 7 ] 

ztts m&m 2 2 mwi<r>mn\z * n if , ssici5Bi«ft5rfl|'T*>r>T. 3 <bi=sttj»fy 

u - *f . $uf7r -f '<f*5 P 0 F *fflv»fc«»l!9TW3l4JtSS<g t > ? - - * * 
[ 0 0 5 8 ] 

IS^JM 2 3 3B«*>f&WJlc * ftlJ . gJ§lc ftHfiftHT o T . $ e> Ic tt Ji #J 

u - ^\ sw)E7 r -i p o f * rzf&mm -mm* -KM&ii * 

[ 0 0 5 9 ] 

ai'^Ji 2 4 ia«^>#ftflBic .knar. §€»c®nfitfb5r^T*»oT. $ it jb*u 

# 6* v ^ ic tH T- * -6 k k *t ic S 14 ic t f$ n T 0 . 

4^tp # u - ^ . $ o 7t 7 r t- -s p o f ^ ffl u rz m m m t iS5if ft 7t jm ft -> x ^ ^ ^ 95 

ft k<^7taffifl x^fi,|;fflusct 4'«i*ll5T*i. 

[ 0 0 6 0 ] 
[ 0 0 6 1 ] 

[ 0 0 6 2 ] 

( 1 ) ^-^tMfiXfj 

as«Jiic. u --^Tt^^^-t^^ft < ti 1 Ji^a-T^tPvStt/i k mmm uttsstt 

14 ^- A, ^ « M is JhX k . ^<7>±SB&VTSBlcaJtibnfc±gB/xW«L&yTg|5ixW«k ^ 



i£¥4P##fii "7* ^ -y 7fxWM<?>'>% < k fc-»«t . Al , Ga. A s tit^t LTl 

BtHevf&ttH t A 1 i G a . As k L T ^fc^iP^ll t^^Tf), T , A 1 . G 

a . A s UT'#tf^ip#WlC» LT . A 1 , In, P*±»£#k LT#ty^i? 

*l$ f L, 

A 1 . G a . As £±fft:fr k L T # t? iti! f ^ 4fl # H k A 1 . In, P ££r&# k Lit 
tyHu!S^i|-*lii: ?^ ffi iS f^ii £ <o fifi <o ft E k L fc c t&ft®L k LTv^. 
[ 0 0 6 3 ] 

£&7fc3^ig-ffc l --f icfcuT . Al. In. p-£±:i&ft 
k L T #T ty ftQ sfi^ if* # Jl IJ . #J x. It . (Al a Ga \ - a ) b 1 n 1 - b p ( 0 < a < 1 
. 0 < b < 1 ) T 3h 4 . 
[ 0 0 6 4 ] 

t ixwm t ^ i}* t mnfoi£ftfii<F>m.<r> & s k * ^ t . 

^-3, «HSgg4iHts&<50g±gl$lc.A ] , i n , p ^ t L T £t>¥W#JB <h ftT v> 

■5. & o T . Al. Ga, As k L T tit ty ¥ a# # If 6» «b ft 4 _t«BS$tfl£k <^ ^(Si 

lil^filTi.'J . Ttf'ietJR^^f *^§ui|plfT*.o/i. t:^'. Al, In, P 
k LT £t?¥4*#Jlf ±lc A 1 . Ga, A s .% k L T # t?¥i* % *S JSl'flK 

iii'. GHt±£-*5SIW-4tf>lJE!8l?«>o /;. «rfc. ::■<?) RUHtt, Al . In, P 
^> k LTabll -ffc FI ±. Ic A 1 , Ga. A s * fc L T &tf * *5SnR£ ■* 4 

If £ IC SS * T *> -6 . 
[ 0 0 6 5 ] 

ztiicML. ±.mm~<nffii&m<omft.-ytm¥i$fo u - -f ic *>ot a . on i tc ^ -t j= 7 ic 

. A 1 . In, P ^±S^t L T #t?¥##JB 1 k A 1 . Ga. As^±«^tLTtt? 
¥4* #11 (±»J5«m*>-») 2 k co^IEj 3 $HR*>f|S«o<£K k t 4 C k §n 

m 3 lc*m*ft^l!&iftiK<*>fBWa*:*:*Hfc:iB;«-t * ck 7 IcRit LTfti^T, 1 n 
* £ C T T t . BBM«t/jD^tfO©f^SP<fe^«lcJI|J^. -5 C k § 4 , 

[ 0 0 6 6 ] 

=5rfcs Al. In. P*±^';>t UT#t?*i|frl 1 tA 1 . Ga. As^«»H 
T#t?¥i$#/B (±ffl5JR«tt*>-8l5) 2 fc W Ic I n # (8 «J ©J JB * S: l+ . 1 n^^>Bt 
*iftia-t4kSlcJ|o. 
[ 0 0 6 7 ] 

Al . In. P££/£ftk LT#ty^49#H 1 tLTli. (Al a Ga j_ a 
) b I n i _ b P ( 0 < a < 1 . 0 < b < 1 ) ZZffii&m 6»^'if «b ft 4 . A 1 G a I n P 
Uffefflui^k k4« 6 5 0 n m3£& k<7>#feffi%7£S¥49tt u - "f ti t *> ^ ^ 

:i. 7 8 0 nm^. 8 5 0 nm^4- k. ifcftCBBfcfr < A 1 G a I n P Jl*fflv^fcffi% 
u - ^lcfc^Ti&Slffift^^*!b^ «b *i 4 . 
[ 0 0 6 8 ] 
(2) l?-<oMtfiJ 

^^Bflcom 1 ^ff^W^DB^TtS^iH* U - *Y\t . iz^lfi^lfiji: LT. GaAsSftl 

f^^-ig^^fl} ^ 7 v 7Ixmm.<n^-% < k ^t-SMJ . Al. Ga, As k L T £■ 

HuieSttlS k A 1 . G a . As k L T ^ty-t^^H k ^offlT* o T, Al . C 

a. As*±i«»kLT^t»f»#ISi:liLT. Al, In. Pt±^^t LT^tf (A 



l a Ga 1 _ a ) b In 1 _ b P(0<a<l,0<b^l)Jl*^'L» 

A 1 . In. P^W^HTttf (Al a Ga !_ a ) b I n ! _ b P ( 0 < a ^ 1 
. 0 < b < 1 ) m lc It . plF-^'>htUMg ( r * u ) 2 ti . A 1 . 

G a , A s *.Hf&ftb LT*tf¥l*#lilctt. pIK-'OhkLTC (Mi*) It* ft Ha 2 
C fc fclffiSfc LTPfi. 
[ 0 0 6 9 ] 

Al, In. P%±)t5)J: LTttff i|#lWplK-A> h h LTIiZn ** 
H< ffl^ <b tiT w & to*. S < . iSttli. i!fcllffitt»wfi<*-pKI(LTL 

lu, *3 R e H 'I*. < 4- o T #£ 7t 5/j $ to* f£ T L fc 0 . nftiR Mfc *>*!#£ .S&fc-fcu-o .fc iS IS T 
iff ttfcJB < ULi^Sft'ft^.'-^, Mg ttJ£«CifcR&*Z niH'h^, ±12 
PnlH £ iS «F T- § 3 . Lia. Al , G a , A s LTtt?^l|i#Ii:fev^Tii. 
C <oIIS!fllS(^^A'J: 0 i*. £ fc. As ^«*4lcM g * ®/jn -* * fc > =e j: 
9 MAP Lf:ft«oT*t«iTli, Al. In. P 4±fi^ h LT #t?#^ 
# Jl IC it & lc M g * -3s /jll L . A 1 . G a , A s * ± tit # fc L T' a" t? 3- J# JB IC It C £ ± lc 
SS/jn L fc, ctiici h* - '< > h f>i£Sc* > =e T mu {3D & < 

K — fcf > ^Tt . j&fHcffiv* K — tf > r 7- n 7 T -f ^ to*# «b ft .4 fc fc =b IC fg ttli CO ffi ai± 
{&T6»JWi *>ft. iLSul. ii5tii^§/)fF£§J§lcl?3£T-§ €>c 
[ 0 0 7 0 ] 

( 3 ) m = <nmf&m 

zk¥£W<r>m 1 co^rtg<?)ffi%7t^#4p# U - «f ti . mH<50+#HK^J HI. G a A s &«c± 
lc. u -^*->t^^*.-r -5^=5: < fc t» 1 H^*^ #PvSttH k »K IB ftiStklH* #r 
A, ^ #± IS 31 «H ti« . * ± SB & V T §15 ic R It «b ft J:. SB RWtt&VTSUix t ; f ft^-b & £ 

itfj ie ± jx w m ± w/ * fc a r a: m mm. it . fBxmvmm m ic ie ft l a m Jt * # « : t- 

•#ic J: itSWtitiStt^fli^^ -v rjxttflfc^*. 

j&^^M ■/ 7 v 7lxmM.<7>'Jf% < fc t — fflJtt . Al. Ga. A s 4 -i" rfit J A t. IT rT 

fc A 1 . G a . As £3L/ft# fc LT #tr^*ii#Jl fc <oHBT* o T . A 1 . G 
a. As^£^7>fc LT#ty^49#Hlcft L T . Al. I n . P^IfiX^t LTttf (A 
1 a G a 1 - a > b 1 n 1 - b p ( 0 < a < l\ 0^b<l)H%1fL. 

(AlgGai-g) b I n i _ b P (0<a<l. 0<b<l)Hh±. Al InPfc 

g a i n p fc frh %zmfflmM&=?mm\z «t v ffif&znrz^m&mT'&z z t at l 

5. 

[ 0 0 7 1 ] 

WI4ICJ: oTlfetAS'I? to*. iUftJjitt^4»#W3|E|-*«*-f « 7C*»fc*#V*H fci^ < 4 

*. LtisT, 4 7C -5 A 1 G a 1 n P S&S fit ir u . C «o ffi fl H T l£ ± 

LtzMltmi-f\z < <Sttli:ctoTUv^ v&1±IB^SS±#**^ < . 'h3 4SA*«it 
T-Ttttl^^tSfn LTL*7fcv^7 X&i)*& o fc. 
[ 0 0 7 2 ] 

ffl^Ttu -^<of%|g7t<^ft^ ck *) IJiftm^mZ ^JlftSSSlcWJi L fcM-TMic -t 
•6 fc . Tt^fl^J lc U ^ n «b ib* — IC gf, fc fc L fcSf ^ ¥«]ffl^^vg u B H to'Ji^/ft ^ tlT o ^ m 
&t fc A'Sr-t C fc t*X'B fcfcL, IJf$ic-)i>T II, IS «^ «5t lc ^> c 

[ 0 0 7 3 ] 

— 3^. 47Ett^lT-*^Al Ga I nP=k > ) 2 b3 7Ctt*4T-^-&Al I nP^Ga I nP^ 
m& in. It /Jx $ v,-> . L t . Al Ga 1 nPklUfii:. Al 1 nP^Ga 1 nPHaAs 
aS«H«-TB^5 fc **T-§ 5. Lfcto'o T . t£* — ««J«A 1 G a I n P T'«3So fc 

*mitm<r>&£> *) ic ^^^±3a/«=t *) m&tn.<r>'h£ < 5:^^=5: < fc *t 2 o <w tt » jg 



at a A * T'ft. iti ^ 6* ± # L , *3 * k L T ffi ttS 7] k & £ Hi U - "f * » -5 C k *«T * * . 
[ 0 0 7 4 ] 
(4) 3?ia<offi/£tfiJ 

*#fci¥|tf>JS J <r>jf}!g<7>m&ftM¥mfcl' -"V tt» »ffl^>«BR« fc LT, G a A slfi 
lc . u - -f 7te*f££-* * iKt < HI i^if #p vSttJB WfiW k ^ <b a 4 SttIB* * 
A, ^ ts liH taX k - *<j , >±»&VTffl5lc»J+ibilfc±a5K««&VTa5R*r»k%1r-t* 

?$IC «fc oTSttti 7* 7 y ^Jxttlt^ a" A . 

s£¥H##ffi -7 7 -y rjxltlw ^-4 < k t — «5 tt . A l x G a , _ x A s ( 0 < x < l ) 

tc .j: z&mtf mm t a i y g a ;_ y a s ( o ^ y < x < i ) ic «k znmftmm t t-h & n 

t80iEiS'ttlBlc«4;i£^iB:ra*f2plitt, (Al a G a x _ a ) b I n l _ b P ( 0 < a < 
1.0<b<l)^ 

[ 0 0 7 5 ] 

II 2 lc %mmm<r>ffiM\<r>--®\*^-t. ft'* — «(»T?*>S«gS«fiS4 fcJi«RW«5 

^vSttffi 7 lC3>ruM?fM 8 * (Al a Ga i - a ) b I n j _ b P 

( 0 < a < 1 . 0 < b < 1 ) k -t -5 C k T* . ( A 1 a G a j _ a ) b I n j _ b P ( 0 < 
a<l. 0 < b < 1 ) M 8 ±lc A 1 ■ G a . A s k L T #!B ( ±g&R*t 

^iB 9 icfelt 4->t^^iiSi^^i^^^iPsicfft-M L . I n*>fl-*fc**>*gl£4- iTv^Tt, 

mmm. c-sr) t-**, 

[ 0 0 7 6 ] 

ifc, T§&JxJtf£IlS. ffiMJ^ "bKBStc. <&JaS*r *W A 1 A s «b £ 4 35- TgSJxItf 
It , fficJSJffSEliJb'A 1 x i G a !_ x ! A s ( 0 < x 1 < 1 ) ^ ■?> 4 4 & ~ TfBJxWtt k 
. ^6<ktl«4^4« (Al gGaj-a) b inj-bP ( 0 < a < 1 . 0 < b < 

i ) fomn'mm t a* ■?> & - t 

[ 0 0 7 7 ] 

A 1 A s ic G a * fci* 6MC # * it £ tt 1+ TiftlS lc A 3 ( 4 o T i> ( . TSB/xtt 

fElJ . fficJIJff 32J1IC f&ffictft<7>'h£ u A 1 A s A, Stt IB T' l£ ^£ "t * 3» <?> fflt 

WHtft*fS» L » BBIftiif *>fiflt -hfta'JWftUS *i\ Sfcfttta'JIfff TSIiiJTjfc V CSEL 
•btlSc A 1 IHfclRfcfUffl Lfc«8ft«^^*J*.ffl Lfcffiig<7>Jg£-. A 1 A s M 

JT-*nB*ffl^fc^-TSI5lxtt»tk I n^#^^^ik<^|!glc, AiaiS^'h^uA 1 G a A 

s &®tfmmi)^#z>m-T$i>JxMm.-&m-trz<r>T-. > ^jf^^x v ^> r« a i semis 

k 4" 4 $i!JR®HLIl k m-TSPIxttlt^ A 1 A s k<o^Tih££ J: 7 Icfrx-ISR- < . §1 
[ 0 0 7 8 ] 

it; AlyGaj-yAs (0<y<x<l) (Ci^^fSjfT^ISk (Al a Ga l-a 
) b Ini_ b P ( 0 < a < 1 . 0<b<l)lc^ a <& IS Df 2g JB k **WJB $ ti^J^^r. ^ 

^ ffij ic ( A 1 a G a 1 - a ) b I n j _ b P ( 0 < a < 1 , 0 S b < 1 ) (R M ft m IS «fc 
HAlIS^'h^u (Al a ! Gai_ a j ) b j 1 nj_ b L P (0<a i<a^l, 0 
< b 1< 1 ) ic «k Z> >Pmm (I n ^BlWi^iJH) 4Sit5:k*«f§5. 
[ 0 0 7 9 ] 

A 1 ffl/^^'h^ v» + ffi|IB6*lf A3 il4CtT\ (Al a Ga 1 _ a ) b In 1 _ b P( 



0 <a < 1 . 0 < b < 1 ) &mVf^m -tic A 1 y G a i _ y A s ( 0 < y < x < 1 ) ftmft 

mm^mm^ ^>m^\z . ^-^^ht^ a i < & n . (Ai a Ga 1 _ a ) b i 

nj_ b P ( 0 < a < 1 , O^b^l) {& IS >f ^ /I ± lc A 1 y G a t _ y A s ( 0 < y < x 

< 1 ) MM ft ^JB%Kv^fr$BHTSSlc^fiST§ £o Sic. A 1 G a A s h A ] 
G a I n P i: <r> ^ f T- li , A 1 G a I n P A 1 fflfiKfr** § ojf 
Mn?1fr<7>><> K (^oTL*?^, A 1 fflflfctfVjxS o R| IB * A LTu 

< T § £ . 

[ 0 0 8 0] 

* fc « A 1 x G a [ _ x A s (0< 1 ) lc J: l,ffiijlf$)| t A 1 y G a |- y A s (0 

<y<x<n \z ^ ^mmft^m tt-<ht£ ^m%^^^W9f^^' ^ v rmmmzxt . past* 

-'OhkLTC ( 6*v5s/jtJ £ ft , ifc.' ME (A I a Ga j-,) b 1 n 1 - b p 
.( 0 < a < 1 , 0 ^ b < 1 ) h * £ M ft mm 8 lc \t , pfh'-'O' t- tLTMg ( v 

[0 0 8 1 ] 

* . (Al a Ga l-a> b I n ( 0 < a < 1 , 0 < b ^ 1 ) «b 5 £ fRJl 
ffapffl 8 13 - Al InPkGalnPt **«b & -5 *a fifl JtH i@ « 7 fll 31 lc J: 0 If $ ftfe^i? 

[ 0 0 8 2 ] 

( 5 ) . mR<r>ffit&m 

v > t . se s it n t stj te ± »s««jsj:y/sfciiT9R « it^ n ic u . * - - *t n 

a.'KW-'bftTfc 9 , iSx^.-^nS^-SBtt, flulSA 1 G a I n P iftJBjff^JB * *) t '<> K 
¥r;^H^v» (Al a ' G a 1 - a ' > b ' 1 n 1 - b ' p ( 0 < a ' < 1 v 0 < b 
' < 1 ) fr<b & 9 , 

HtJieiti^P v£M 1J . G a c I n i_ c P d A s )_ d ( 0 < c < 1 , 0 < d < 1 ) «o 
itusei^SHU, Ga e Ini- e P f As|_ f ( 0 < e < 1 . 0 < f < 1 ) ^ h 4 £ z t 
[ 0 0 8 3] 

ep*>. ta 2 ^fjT-ii. ± as jxtm -5 &mftmm<r> -? *>t-^# < t 

"bfioi&JBffM* A IGalnPtU WKW^*^ #F SttJB lc UGal nPAs & 
[ 0 0 8 4 ] 

f LT."7n , '<>K^t'^T*4 (Al a G a x _ a ) b In j _ b P ( 0 < a < 

1 . 0 < b < 1 ) i&mftmm * JkV CA \ a ' G a \ - a < ) b • I n i _ b • P ( 0 < 
a ' < 1 . 0 < b ' < 1 ) * — m~%* *r ') rffl i: jA y> <?> ? =, -y k ji t •+ %> z t fc*T- 
§ C M □ ic U , ift'J tBH c iA<^c^ ^ 7 v KIi*A 1 G a A s ^tT^tfJLfcift&lc 

§ -5 . 

[ 0 0 8 5] 

iXfi (ft 1 ) ictt, AlGaAs (x^-^/1) /A 1 G a A s ( it 7# p StfelH) ^ 
7 8 0 nm. 850 nm®%^3S^4p#U - «f . ^^lc. AlGalnP ( II) 
/G a I n P A s (if#pittl) ^ 7 8 0 n m ffi ft It M * U - -fcojHtSSftfrttfl. 

. x^- ^ns k \t s mnffif&com-£\z am-nm t mM%t<r>m\z*>rzzm<r> z t -e* 

■o T » ^rV 'J -T^BaCjA^^f-^co 9 => v K IB k LTiW^lttLTuSi^JILtul, 
. * v 'J c jA^li k LTli, A^-^Ji^t5ibMc>#'|±/ilCjl^j£v^D B R^fiHUfi ^ 
fB<bf»fi&*1i LTt* * 4. mS<^^BS^J^Jf ^"T-ii , (A 1 a • G a i _ a • ) 

b - Inj-b'P (0<a'<l. 0<b' <1) x^-^rat (Al a Ga j- a 



) b 1 n 1 — b p (0.<a<l. 0 < b < 1 ) MJfrMft* 9 => v K iff t LT^^m^ln 
t -5 c t ft*T* B Z> . 
[ 0 0 8 6 ] 

im i ] 





7X()nm 


850nm(Ref.) 




AJGa As/ AlGa As & # ft 


AlGaInP/GahiPAs£tt¥4 


AlGaAs/GaAs&£f*'4 




AJo.6Gao.3As 
(Eg= 2.0226eV ) 


(AJ x Ga lx )o.5 In o.5P 
(Eg(x-0.7)=2.289eV) 


Alo6Gao.4As 
(Eg= 2.0226eV) 






AJo.i^Gao 8 8 As 
(Ee=l 5567cV) 


GalnPAs (Jiflg^) 
CEr=1.5567cV) 


GaAs 

Eg=l.42eV 


mum 


Alo.3Gao.7As 
(Eg=1.7755eV) 


GaJn,. x P(5lo?§y^) 
(Eg(x=0.6)=2.02eV) 


Alo.3Gao.7As 
(Eg=1.7755eV) 


COEg£( AEg ) 


465.9meV 


743.3meV 


602.6meV 


Eg^( AEg) 


2l8.8meV 


463.3meV 


355.5meV 



[ 0 0 8 7 ] 

ft 1 \Z7jk-? & 7 Ic, A 1 G a 1 n P ( * ^ - Jg ) /G a I n P A s ( ftf^P vSttlS 
)* 7 8 0 n rafflfDtl^fl: U - -f IC «fe-tl If , A 1 G a A s /A 1 G a A s & 7 8 0 n 
mffl^T'cS^i^^ U - -f li «t i: J: »K Al GaAs /A 1 G a A s & 8 5 0 n mmSLftM 
# u - * 0 ^ > k * -v -v ^£ :*: § < an 3 c t s . 
[0 0 8 8 ] 

h *->i<r><<> K 9rU.&±% < **fc*>, fU#c^jf floft*;*: g < # ? . (ft fiUL -5 t i, 
IC ft #] m it ( ^ ttj t) it ) -5 . c 00 fcfj m tt « Al GaAs/Al GaAsl8 5 0 nmi 

1 G a A s /A 1 G a A s ^8 5 0 n m >£ S ^ *P u - -f <fc 9 ^Mfi • fe^J^fb ( 
ft .ii 73 ft) ^mx-^h Z t 

[ 0 0 8 9 ] 

£>blC«, * 'j t| c jA#>[S| _L. Mffi^#F vSfiJl ic «k £ ftfUMftlc «k -o T (ft W ft ft 
fKtT\ -)tffX *) & LMD B R^Jxtt3?<&ilSU*«rfi&t : 4 *) , 2 -b ic ft ft 7j ftT £ £ . 
[ 0 0 9 0 ] 

* v£f±HlJ Ga c I nj-cPjAs i_d (OScS'l. 0 < d < 1 ) 

. BSlllGa e I n i_ e P.f As i_f ( 0 < e < 1 , 0<[<1) T^ 1 ), Al§ 
$A,T'^%^ttnfrhffi!&$ BP*>. A 1 7 'J -vStt«ffi (if#PStll, ft 

y^nic»f#-t4IB) HTuscot, g&fH^lX i^^^fficilalt 2 c t T? # Sfc # *S « & 

[ 0 0 9 1 ] 

C^J:7lc. ^S^^^fyijicjctilf, ^^-"tJi^-g&lcAl Ga I n P ffl^. 
1^ S ii ftp >S 'l± Jl ic it G a I n P A s *fflu* :iT'. %&m<nmW ft** § < . ffic 

BSfl • fiSaj^T*o-T . •flfllilcfttl^: 8 5 0 nm«fc 9 » £ : S ^ ffi ¥t^t M # U - *T 
^^3ST- § 4 . 
[ 0 0 9 2 ] 

^rfe. ^£<7)tg^tfijTlis 8 5 0 nmi 9 t3SuftIi:ffi^ LT^ii 1 . Ctui&^lc 
tt^Tlifif 4«iftT*gv^»ibT*o T . 8 5 0 n m £ 9 t Ih'MTJ) o T «L5ft* ft* 



[ 0 0 9 3 ] 

EP*>. BSlkSSGa I nPAsMfUcfcuT. [a] — 3E so i§ □ U G a I 

v -v ^^Kn-5o ctuc * •? *f #pv£1±ji t <o^> h < t§ < 

&£<0T-. i&E9fIS/jfP. SSJtJ ^l/jfF^STftfei: 4" S. fj li - Ga 0 . 6 I n 0 . 4 P *vl o 

0.2eV, G a o . 5 1 n 0 . 5 p a M<r> > K 

* * -J It 1 . 8/eVT*.0, 1 5 0 m e V * § v% 
[ 0 0 9 4 ] 

%fi.<r>mf&mn. w; w <r>m mm -&7t\z mm l t (Aicai n p /b*si*ibi=-s 

t>fiv>(S/a*f*JB t LTfflut) »-71MWH*>«j£flicfcv*T. fit) IE a 'I*. IS t fit iffi 
/x$t*afctf>R8lcIJ:W-'b*l* x - IB - g& l* . Al Ga 1 nPl^'Ji'). BtHfiM-T^ 
P vSttJS tt . Ga c Inj-JdAs !_ d (0<c<l, 0 < d < 1 ) 6» ^ 4" 0 . ^ 
-o,EE^M*^L.HuieRISIiH, Gaelnj-ePfAsi-f ( 0 < e < 1 , 0 <, 
f < 1 ) ft^MLTt. ?'5';h*l*AlGaInPJ:L. Pi E Hi * S -T # P ?S 'I*. JB Ic 
Gal nPAs*tt»*lfi^fci^J:RI«S:J(i«* , »'bn'4. 
[ 0 0 9 5 ] 

mm. t <r> H ic it . x - H ^itbtiTfel, f&x^-^H^-fftli, a 1 Ga I nP 
IB «fc 9 Sc. •) , mjiSftf #P vSttJf !i. Ga c ]n 1 _ c P d As 1 _ d (0<c<l, 0 

< d < 1 ) fr><b 4 •) , 6>o , ffSS^tL - fiOlfifliffinB !i » Ga e In]_ e P[Asj 
_ f ( 0 < e < 1 . 0 < f < 1 ) -o £ 3 J; 7 ic Mi&X £ S . 

[ 0 0 9 6 ] 

C 7 ic . (Ala.-Gai — aOb* In l-b ,p ( 0 < a ' < 1 . 0 < b ' 

< 1 ) ^--tJI^AlGaAs U fc M £ lc it ^ X 
, x •<-■»*- If? t S^#p vSttH t^^o h* * -v v -fm^%ibX±% <m & z t frT'B &o 

if#patti5Eiia*tLTji , ) 1 M^amic v * o fflcHfftft-t 1 1 1 icjes 

«*ft (^tH^jft) t6:k*'?g. S^blctt. TBI i; &*>*>|Sj±. M?#fS 

t±)l IC J: ^^VfJ^fblC <fc o TfficHflfft h Z t X. TtHX 0 as LffliJ D B R *>Jx*t lg 5T 
SBfcftO; £ lci^|157^fb^^aT-§ S/;, if #p Sttl li G a r I n'!_ c P d 
As ( 0 < c < 1 , 0<d<l) . BBJStt Ga e I n |_ e P [As 1 — f CO 

< e < 1 . 0 < f < 1 ) T#> ") » A 1 ^ ^ =5: +t ^ ^ vt& 'l± /r f ^ «X ^ tiTJi 0 , 
A 1 "7 'J -vS'tt^HtsS'CSf #PV$14Ji> JkUZ iiizm^-t €> Ji ) kLT^i^f. $H£<?> 
KX •) jA A^IST- g . ^J£M£S«e&'-b> 9c75)F$^^jfl)i1ilJ LT . ^ =^ tfir<r> jln H :>t S^4? # U 
-^^^St^Cti'Tli. BP*>, vSttH<0^IJ#* , 7^§ < §1911 • ratUtlTf)TT, fl 
fltilcfStif- 8 5 0 nm£ •? ^*^^ioffi%7tS^4p* u - ■* * § € Ic -f -5 Z 
H. 

[ 0 0 9 7 ] 

(6) mr^mf&m 

ffiffl5TffiT*i* ^jKjS-K6*fc * ^ 6 8 0 n m * *) t 2 fix v> -5, 

[ 0 0 9 8 ] 

Al GaAs/Al GaAs IC U780n m ffl S ^ 49 U - ^<50Jf r & i: 

itn-t*. A ] x G a J _ x A s ( 0 < x < 1 ) & x - tMf J«i ^ « =5.' 8 1 

fiXi'E ES X & b >*> ¥ : v 7' a A 1 x G a [ _ x A s ( x = 0 . 6 . E g = 2 . 02 
2 6 e V ) k » IftflRtt* 7 8 0 n m ( E « = 1 . 5 5 6 7 e V) «Sttlikwo 
v "7* ^ Ut , (Al aGai-g) b 1 n j_ b P (0<a<l. 0<b<l) X -< - * ^ 
( 7 7 7 K 1 ) cojftS^ £ifaj£iBBTM4> K v v 7-<j*^ In ( A 1 a Ga j _ a ) 
b I ni _ b P ( a = 0 . 7. b = 0 . 5. Eg = 2. 289eV) k . ffl fiRiS^ 6 8 0 
n m ( E g = 1 . 8 2 3 3 e V ) i o / O I-- t 'V 7'| ( 4 6 0 m e V ) tBU 



[0 0 9 9 ] 

Bli t if #P Stti J: ^) a- > h- v 7 ^1 1; o u T ti , tfij z_ ti . REIBfcG 
a e 1 n l-e p f As 1-1 ( e = 0 . 6. 1 = 1. Eg = 2. 0 2 e V) ktiitt. 
fflfiKv&J* 6 8 0 n m<nft'\±m t <r> ^> K + v V-^ 6*t> ± f 2 0 0meVUH. A 1 G 
a A s /A 1 G a A s &}£<I4JI ic «k * 7 8 0 n m BS ft 3t 3! ^ W # \,-*r<nM&£ « IB] ^ 

[0100] 

o £ »} . A 1 G a I n P & * - ■* H ( * 7 v K M ) Sffli^CtT, ffl jft ir£ -R fc* 6 8 

0 n m J: 0 tJI *JIT*> ft If. A 1 7 'J -ftttl («f#F Sfttli fc RBJB ) ^ffl^Tt 
. A 1 G a A s /A 1 G a A s &v£ttH Ic «fc S 7 8"0 n m E ft ?t 3S IP ft< U - *r<r>n™ t 

[0101] 

( 7 ) &-fctf>flS/£0J 

*ftBflco?j? l <7)ff$flgcoffift7tS¥ip* U --f tt» ^ -fc <?o «l fiR ffll fc L T , » — 71£3&A*> 

«ifiK<jij^f5rtiic t mm^m-?$>z *?. &«ffi*xcoffi77ea*. ci 1 i) abstjisiic 5* 

*^2 0' *>ttHl*l?ffl# Lfc ( 1 0 0 ) mt LTHIlKSttTu*. 
[0102] 

Al ■ In. P % ^tt**^ . Ga I n P <r> *g ^n%^ ic *> u T tt . '-Mlc . 3$ flx <?"> rffl 77 
f£ £ # J® L 7? **H u . !ff tc. A 1 Ga I nP^G'a I nPlcbufli, ffii 77 & to" (1 1 

1 ) AIS77ft!c 5 * 2 0 ' ^IEH^T-ffif4 Lfc(lOO) GaAs M L T o 4 
. ( 1 0 0 ) m\z&\^Ma. £*&i@tef <7>Jf$f£lc J: -5 K dp + v -/^{ftT-^. t a -v * 

(Jx.=KXPig) ft£lc «fc Sfinatt^Jgft^ft^fSfiS ? <7>ft4r.**4r. U - ^i§H*U--f 
4- ir^^x -f ^« ttl=Sf^**&»t. —77. (100) ffli)^ (111) A m 77 I"! IC ffl 
Mf4 ft Ic'fE ttl M*3^T-<^ Mf& fc'fflJ £bti^, 1 0 * a* <o 1 5 ' f*. * T«. 

„ tavHiHcliL^ <4oXu<, L^L. (1 1 1) A Qu 77 ft <r> ffif4 ft ^ 2 0 
* £t@;£.6 kSSlSl^iilcSr o XV> < . fCT, # U - f (63'0n mfc^6 8 0 
n m) *>#fl-*T<£;b*iT ^ h A 1 G a I n P ttfl-tt 5 * to- «b 2 0 * ( J: 9 ^ < ^ iS, 1 6r . 

7" hi 5* ) <r>mmft-cffin2 t/iiftft'-iicsibniu x^- -tn c ? ^ y 

K Jf ) T- 6 A 1 Ga I n P li *t i: £ •) . m I <r>m<n & 7 G a I nPiLfc* 

£1 iiT ti 15 -5= $ ib ic a . I^SJl^Sf #p >SttJB**G a 1 n P A s <r>mtiX-3h -jit 
«|g»ft«!».'fc3n*<WT. C n>b«^^^Rlc tSBS^-Gi^ ( 1 1 1) A Bfl 77 |a] ic 5 ' fr*> 

20° (iOffl^L<ti. 7 • i^i 5' ) <T>mmnT-m$ it (i oo) GaAs as^x 

[0103] 

*. ili7t77lS]*lJffl]|C OUT tt, mm 2001-60739 &«IC . S^^Bfi^fii 

** ( 1 0 0 ) to- h (1 1 1 ) A ffl 77 l"J X li (1 1 1 ) B m 77 IS] ic 1 5 * -40' tfH f4 L 
3S«x*fflv^ 7t^flJ^S77f±^|lJffl L. $ h izJimm*^-? Z I n A 1 G a As . I n G 
aAsP4^45 ^fia^ #P S&ttWft ffffl t * W'f4 L 77 l«J <n K¥ ft #J m ^ ^ 

S < LT, tfi^77lSjc7)*iJi]^ LT^5. ifc, 2001-16 8 4 61 i>^lc^^ ti 

T 1^-5 J: 7 > ■* ff$t^ * P3 ff$ . ffi R ff^ IRBt LT. -M- 14 c75 77 l"J ^ ( 1 0 0 ) to- <b ( 

1 1 1) AH77lnjXU (1 1 1 ) BE77I«J £ tifiSt^S ilTu 6, & flx <w EB 77 S ti ( 
100) «b CI 10: 77 fn] IC 2 * o I f ( - 5 * ~+5' #ti>)c^^^T-^0, A ffi . 
B E 77 T"J ffi M L f.^^TMi 4 o . 
[0104] 

C<75^. CcoMt:c7)^^eiJlc^{t-5«7tftftlJl]^-1 l -©<7)-oii. S«^ffi77(£* (1 1 
1) AH77falc<Sm2 d i: IC <fc 4 3t^fU»S^Jtt % fU ffl t ■& t <?> T *» S . Lft»L. « 
/±. nToi (3 1 1 ) BSi*ffl^/ii|&^5)lS*IJfflt4Ck *»f*4v^ 



. Mmm-t^ffit&MT-it . (31 i ) bis c 2 5 * ) * *) ^mmfi ( 5 • 2 0 

* CD Ml HA) T3i5«)7. Sflx=i X K fcffll;*. h fib Z k g IPg Li < flfcu lu t> CD <7) . 
*t#W»S7jtttt',h3 <&■&. »-t<o«rit«|Ttt. coXftTa**^ ttPiSttflBlcEttiM 
£ -5- £ -5 C k IC <}: STt^^J^M^ttfiO^^lc «fc *) ffiffi-t Z> Z k frX'B S. 
[ 0 1 0 5 J 

M§S£%'-fc«oflSi&0Jlc |$ L T . ^a5^f^[Sj^«b a^vStt/l^^MI^^ k LT . (Ill) 
AE?j ft icJI^ff^ k % &BVtmi : 5'&*fttz-it £ Z k frM&mT'&Zo EP*>. Jiie^tiTt 

#lcS^"tt*^fc-tf. (Ill) AS^fr iC^^ff^ tt^CtlCJ:^!, ( 
(1 1 1 ) AiBTjlS]) ^^fafUti <b \zW± L - fBlSjft <^ftiJ'(M)tt^l"J±-t 5. 
[01 06] 

cm 2 <omm) 

-4tmn<r>m 2 <r>r*m*m 3 uss 5 \zm-j^xm.w-t z<r>% 2 <nmm\$. mm<r>m 
m^^m^m^v --^^mmm^^^mmmmmm. 1214 a. ^^ftttm'wawje^ttats 

LTI^ LT^-f lSfffl® . IS 5 12. -e^-^^^ffilHT^-S . 
[0107] 

2 60^.flHcfcft-5S^^m!^3#^ U -'♦fff. ffl^te** (111) AHi^frlc 
1 5 * mm Lfzn- (1 00) G a A s M 1 1 J:.(c . n - A 1 0 . 9 G a 0 . i A s k 
n-Al o. 3Ga 0 . 7 A s k ic istt 6 ftfi jRft<?> 1 / 4 «<wff $ T^Slc ffl 

iff 3 5i^iafjftJi LfciSJWfltil 1 2 k. **>±gB*> 1/4 fg^/¥$ <h % h n - (A 1 0 

7 Ga 0 . 3) p. 5 I no. 5P MJfM ( 9 => v K H ) 1 3 k fr<h & -5 n 
ftftffi^? -v rfxm'fft (TSRSit*) 1 4 *>«JBfiR (HI 1 TffSf-*BJff 3ftT-v»S. & 

to . fflWiffiji 1 2 tiiStS.n — A 1 0 . 9 G a 0 . jAskn-Al 0, 3 G a 0 . 7 
As k <r> ffl Ic ff , A 1 ffi % - 7j <o M a» «b ffeTJ <d ft ic & * [c ft $ it /¥ 2 2 0 n m <n ffl 
ijXMf4W^Jfp A Life •) . flS»Jl^^y>T^® l*)ICtol+£l£Jgv£;PfccD 1 /4 fS^II^ k L 
T^4. C.niCcfetiff, DBRCtt^%flEt«^. M%<^ /< > h* ?f >b Ic 6 C 

[0108] 

* <w ± ic , B 4 ic ^-f J: 7 ic , ftTHS-^-* * ' ( A 1 0 . 2 Ga 0. 8 > 0. 5 1 n 0 . 
5 P TSB^^-^IB 1 5 . Ei«M«J*T*> o T '<>' H ¥ v -v ^ift«i»* 7 8 0 nmk4*3 
l^Ga I nPAsif#pSttil 6 tt§fS&f^41^Ga 0 . 5 I no. 
SJ1 1 7 ki^irli S&ttJi 18, ( A 1 0 . 2 G a 0 . 8^ 0 . 5 1 n 0 . 5 p ± - 

&*-<-*HE I 9 frf&f&Z tiX\.->&. 5 «b ic -e <^±lc , 1 / \ fg <^ m'$ frh 2r -5 p - ( A 
1 0 . 7 G a 0 . 3 > 0 - 5 1 n 0 . 5 P ®1B Jff*JB ( ^ ^ K IB * * Ja 4 ) 20t, p 
-Al x Gaj_ x As (x = 0. 9) k p-A ] X G a |. x As (x = 0. 3) t^^S 

icfji ff 2 4 . 5 mmmm Ltzmmmm 2 1 h^'^p -*wi¥?ttt -t -v rrnwm. ( 
2 2 & bi& ( h 1 Ttt»*a was) ^tiTus. c^*>ictia]«ic«;«ft«i» 

I?:t$ALTi^. S±gMc ff . ka>?ntllK«'p-GaAs3>^Hi23 
W^^nxuS. TSPSttmi 4 £ ±§&Jx4ttft 2 2 fccofflff, »E««<w 1 : fcfkft<r>n 
$ ( © 4 7 ^ 5^^- v tr t i - ) <n#m%sffim 2 4. t L -tzo :n*>rtftfiS««24k 
TgeS^li 1 4 k ±^Jx^M2 2 k ic * •) ^fS H^jS 6»«bR $ ti X ^ i . 
[0109] 

z<r>m 2 <7>MHB<r>ffi¥tytM¥Wi¥ u - ^*lc to^T ff . p-(Al 0 . 7 0 a 0 
3) 0. 5 In 0. 5 P ( ^ 7.'> K ) 2 0 ±lcif^$ k-S . A 1 

g a a s kttmfr<h'%z>±.ffimmm.2 2 *mi&-?z d-ai x g a i_ x a s (x = o. 3 

) 2 5ktf0^ffi2 6 (FhS3 ic ffi ^ ) ^m^^^^tR^eP^ feS k LHH, 
[01 10] 

*>&AIC. ^*IJ. ^ II i§ ifi M f> S -h SB IC A 1 G a I n P 9 =? v V H ( 7. -< - *f m ) & 
WLVfhfiX\^tz. toT. A 1 G a A s &ttfl-6»«b * » k .<^> !^® ttBg<?> fiE T 



0 . K^tQMMn&Wfr^Z v^lgpffT*>o fz. L^Li'*'^, A 1 . In, P%£flfc# 
t LTatf^^f^llilcA 1 . Ga. A s £ ± fiS # k L T # tr #H * *n & »8£ "t -5 J8 
i§T - I n <r> * -v 'J - * - ' < - 4- t I n <r>-9t M C *? -f < . c; ti * jty -5 S ? />* <£> 4 ft* . 

[0111] 

3 , c co m 2 co ffj fijco flf bK ic «t ti a . Wffl 2 6 £ « W^s It rfr ffi co fiff co QV fif £ tTfc 
1 . 2 6 \zis\rt Z>?i^mW.i&<F>BWti 1 ±^\z& : S&-t Z> «k -5 \zWt.^ LT£>£cot-. In 
co^t^l^do^g^^ u tv^t t » BHI^jn^co^im^itsicW^ & c k s. ifc 

. D - ( A 1 o . 7 G a 0 . 3 ) o. 5 I n o . 5P &fM9r 2 O.t p-A 1 x Ga l- 
x A s ( x = 0 . 3 ) 2 5 t <r>m\z I n ftMWkm t LT ttZ&mftWm £ *) A 1' *ll fiK ft* 
'h 3 o A 1 * ftv%. »v\ ( A 1 ) G a I nP4Slt. I n co ^ fit * (S ;U ~t h k M ic 

[01 12] 

«rte, CcoiH 2 <ofl$J»Ttt, «3t<o*t^tt6»*>, TSBIxttffi 1 4 co yt&'UJI 1 SlcfA^G 
ufilff$lt (Al 0 , 7 G a ) 0 . 5 I n 0 , 5 PlitLfcjO', I n co 9t M co ffl S co 
c$C # /2 1+ T *l a A 1 G a A s *b Ml *> 4 

[01 13] 

* . C co m 2 coff$flico IS %7tS!^i|# u - -f co -7 1 ^ a W Tco * 7 ic ttffl 2 ft S . *S 
n w B /M tt MO C V D l: J: 1 L fc. ISfllClJTMG ( h > * >i if 'J ^ ) , TMA ( 
S 'j > * ^ 7* >v 5 — ^7 a ) . TMI ( h 'J * -f > ii -7 U ) , P H 3 ( 7 * x v -f > ) 
- AsH 3 ( 7 4 y > ) . nlw'h'-'O h t L T H 2 S e ( -fc U > it^<M) 

v k pSoh'-'OHlTDMZnXllCBr 4 * ffl u . * * <) t if x ic a H 2 * ffl 
ofc. MOC VDSlJ. fflfifcfl8&JB<o j: 9 «r«i««:/a»3y ^«*ft**HHI§P-r 6 
Ic Wc?§ -Scot-. D B Rfc^/SHfEJtSl^iitttu -■v<wJtSftfiR*^fi6 t LTi Liu 
MB E vSco J: 7 «riBH3&*<fcW t JS»^x«w««&aE»^«*&^HI*ilJ!i8P 

[0114] 

c co m 2 <r>mmx- a , DiDBR^Tatti 1 8 c 35 ©na * jb - «* a 1 .a s is 

tLfc. f LT, p/rSco^§ 3<o>^26*r>*< Hp-AlAs »3H«»ftJB 2 7 co 

M*isa}£ Htxjf^L. flijfficomn/iA 1 a s ^ ^mfix- mm ^<hm it a i x o v 

SSit^^ra 2 8 £ff2/£ Lfc. t; 'J < 5 K T x -y r W * tl*> TTti ft L . p 

3>?fH23 SB 2 9 « ±»R«« 2 2 ±co # >J -f = h'^I^^L . p n > 

9 ^ 112 3 icOTttUt^fgB 2 9 W^ic p PJ«^ 3 0 *fl3l£L . Sffllc n 3 1 

Lt, 3 2 11 #» M ; K jffel* 
[0115] 

A 1 t A s £3E/£fr i: L Zi^igiRSefbH 2 7 cogjR^ftlc * 9 if3rt»^^tf fc^Ti 

itaitis^ofc. *3BiR»fbJi'2 7 ^mumitL fz a \ mitm& % % zmmw^m 2 s 
*m^rzmmw^ffim\z & z t . mm wmm 2 8 *m&m 1 8 ^^^nxmm-t -5 :ci- 

*«t 0 . ^ ic. iem l t a 1 BtftJg tKzztT-mvtmwhz < % v . fl^x^a 

[01 16] 

4fcs SI£7feS^iP#u -■^coTtmtt^l^ft^'b^.f- ^ ^ff^^^, GO 5 iCTfj-r «fe.7 ic • ( 
111) Affl^rnlic-R^-K-^P3ffj^ k sc -5 «* 7 IcSTttt^rJf ^-t+TffJnS; L fc. attSfl 

^ (1 1 1 ) A ffi ic j| 4^ k 4 o . 
[0117] 

z<nm 2 <nBm<7>m¥&KM¥&i*l> - -f T-a . vStfe/i 1 8 lciifiuJxW12 2 coiS® 



ft J&m 2 5 II 1 9 IC A 1 G a I n P PIBfli 1 7 ^flt^ttF StttlJi 

1 6 lc tt G a I nP-AsSffluTu^. ffl to* ( 1 1 1 ) AM'ftfcilz 1 5' ,f4 L ( 

1 0 0 ) G a A s ^Hx 1 1 _Llcff$/& L fz<r>T* . & f&m&T^mfelz «fc 6 >*> K + v ^co 

ilfiSt T § tz . 

[0118] 

* 'J 7* PS? C &#)<r>rz#><r> ? =j y K Jl ( v£t±ll 1 8 lc ft =t ffi v> fx W til 2 2 <r> ffijll 
Jff ^ H ) 2 0tU^PO^t7^TI)5 (Al o, 7 G a o . 3 ) 0 . 5 1 n 0 

5 P*ffluTV^4. f 7 v h* IS 2 0 fc vS'ftJi 1 8 t <r> K -v v tt . v K H 

2 0 4A1 G a A s ?0fiR L Jg-£<7> 4 6 6 m e V (AlIl^O. 6 coJf £ ) lc It ^ T . 
.7 4 3 m e VT*> 9 flfi*>T:*;§^. PfESJB 1 7 i: v£ttH 1 8 K * * v ^HfclPUi 
lc f# ^ •) . Htfrftdf-V'JTffli; lA^ kii. it, Sttflj 1 8 a*J£*8ia!*1r L To 
i<7)T, - tr- * - 'i t 7 -i h * - * <r> k ftmiz A •) fijf#<7>it fin a** § < &■ o t. c 
n-o lc «t •) ffifttt t 4 C<oH 2 *>fl3J»*>[ijffc*feffl¥iiJt# u - tt ffi iSfi ? . ft£ 

T) X' 2h r> fz « 

[0119] 

6 *> . (Al o, 7 Ga 0 . 3)0. 5 In 0. 5 P <& 1 Jff sfc IB 2 0 i: v£#.JI 1 S t <t> 
i^^^-^Ht'lT (A 1 o.. 2 G a 0 . 8 > 0 . 5 - 1 n 0 . 5 P IB 1' 9 * 1 J» 

L fc*>«. «8*>¥##IS-?JJ3flK L T^&i"^ l/i, AlGa UP ftJHJfajEffl 2 0 * A 1 
G a I n P IB 1 911. & « lc f&<?) 7C5£ * tr A, T* v> T t, #5 1> & 

[0120] 

sttia i s tpfitii i 7 is, a i * ^ a, tv-**^***^ ntfe o , a r 

[0121] 

ft. gt^a^nfv^ (3 1 1 ) b g m (25* ) ifflv^Js^ictt^T, 'M v>w 
t**s (15" ) T-*-5^T-7t^^j#^7ii'i4ii^3 < **. z<»m 2 <nmm-z-iz , Zrtl&T 

ft.*m.=?- #'p S 14 IB 1 6 lcJEiMS*4-i* c fc lc «k *it^fU»»^rtt^ii*. Hi IE 

Tt^iptfc u ->^7tibt*^|Si6^afc«^#pyS14nB 1 6 ^yh/g)ff^icS?.7^tJ-:%|f^^ 
. (Ill) AiB^filCftv^tt fci-£C<hlcJ:&Mfl?(r4^fr ( (1 1 1) AffiTjfr) 
tfOTt'^-'^flJ^Ji^lC J: 0 ?i8fflLT 0 . ( 3 11) Ba«*JfflfcJt'<T9»5ib'&.^H|fiJft*!l 
fflU t>* ~Z' £ fz . 
[0122] 

Cc^^^ic, g?2^ ff^flilc IztiiS. ®1±JB 1 8 ^fij f# § < . ©BS ffi . ^ !U '/J , in 

tfifitt . mKiimmw*mmizffirz l?z i s o n mDaft^ai^^* u -^tiats: 

t d'T § -5 . %ts . A 1 . In. P i: L T ^ to ^ # fB 2 0 Jr. IC A 1 . G a . A 

s^i«^tLTttf«*12 5 ^^ u e H fiX.R^-€>li^-lc£iE c ^> I n n fe«H« 

±#ft^ C IC < J: 7 IC St! LTO 4«T§| lC^mT'§ f;. 
[0123] 

^rfc. C<r>^ 2 <7>ff2flg<7>A 1 7 'J -v$14Jl<7>#jmii. *e&-K-ft i: t t lc 'h 2 < =5r o T o 
< ** . 6 8 0 nm<k OIS-Mffentfi^Z kft'T-gS. Mitt. A 1 G a A s / A 1 G 
a A s &SttJilc U 7 8 0 nmi!B^JtS!^iP#U - ^<7>« i: htlft t * . A 1 x G a j_ 
x A s ( 0 < x < 1 ) ^ ^ -< - * H (^rt 'J TSCjAft^)? 7 -y Ki) «o £ S fifJ % ffi fiX iB 
H T ft t > K t v 7- fr± B A 1 x G a j _ x A s ( x = 0 . 6 . E g = 2 . 0 2 2 6 
e V ) t . ffi/^-fe^ 780nm(Eg=l. 5567eV) <nfe-\km £ <r> ><> K * * v ~f 
m It . (Al a Ga i _ a ) b In 1 _ b P(0<a<l. 0<b<l)^^-^rH(^ 

'i 7*E8 t jA<y>co ^ 7 v K il ) ogll Tit 'O H t v 7 1 ft'A' § ^ ( A 1 

a Ga i_ a ) b I n i- b P ( a = 0 . 7. b = 0 . 5. Eg = 2. 2 "8 9 e V ) t . 



680nm(Eg=l. 8233eV) coigttJg t <r> K v VI (4 6 0 
me V) t 13 IS L o . 
10 12 4] 

©en tt^f#p sutii i: io^-> k ^ + -v out is #j if . mmm^c 

a e I ni_ e Pf As i_j ( e = 0 . 6. f = 1 . Eg = 2. 02eV) t ~t ft if . 
ffi^fe^ 6 8 6 n mcov^'ttJi k <n '<> H ^ -r -v V-^^fc «fc f 2 0 0 m e V t ft *) . A 1 G 
a A s / A 1 G a A s '^vSttJi ic ii 7 8 0 n m ffl ft ft ^! ^ iP # U - "f <oJf & t 13 &m%? 
t ft •& . 

[0125] 

oS 1 ). A 1 G a I nP|^-<-^il 9^ffluSC tT> I^«ftid«6 8 0 nmJ: "J 
t*tt«T*>ntt. A 1 ~> 'J - Steffi C*^ #Ff£ttJB 1 6 2: Pi eifl 1 7 ) *Jflv»Tt,. 
Al.GaAs/Al GaAs ^v£14JB Ic i 5 7 8 0 n mfflfE^^^i?* t - ^fcoJf & i: |s] 
^W±tf> * ^ ') t E.1 c jAft^sji fc ft £ , £ -b t c ; .M^#p v£tt/I^#j« Tjn b^t 

[0126] 

* . »eJI17lcAl*£*'ttfcJ»-&lctt, 6 5 0 n m » * 6 8 0 n m * 9 
*«i>#feffi#&Jfea!¥i|t# u - <f ftW&'nTfUi: ft -5. coigifr, A 1 "7 'J - <tv#j a: i# <b ft 
ftu&». fjtji!:^ I n ^ 5> 1$ <t> Fnl S ti . C 3? 2 offSSglc <fc TiS§T'§ 

[0127] 

3 <r>mm*m e izmn^tmmT z. z<?>mz <r>mm\t. m mm 
m «k ,m # ft l £ if ic m -t z <^ t- *> * . 0 6 at , *nifl^i3« eu 

m 2 w fl^flg ic ijs -r * t <?> t *> s Jt>» , z <?> m 3 <jo jf$ mn . m m m 1 7 a so # n t l t -> 

.i'JS^ft^G a o. 6 I no. 4 P fc ^ fc^TSft ») . ttL<r>&ltm 2 ( II 4 ) 

' <!o js & t m 4t ? * -5 . 

[0128] 

Ga I nPAsJ4tfll:fcv>T, Isl-fif SSTtt G a I n P <o '<> K ¥ * v <t 
£fz. $ o llf^<50^**^; % ft '<> K -v v HXft -6 ^ T* - ffl-Tt-i- 

P l 6 k tf> ' <> K ^mffiS: 3 "b IC ^ § < T' § . *Uf# )b*">c § < ft -5 <J0 T . $ <b IC . & 

Mi&mft> mititlMftfraSmt%: % . ^Jxlf, :^S3^r^Gao. 6 In 0> 4 P 
^h^DlPSilB l 7 awoK¥+';-/U2. 0.2eV, ^2 ^mm'<n G a 0 . sin 
0 . 5 Pte^^£-Ji l 7 c^^-> k * v y' I J I . 8 7 e VT'£> 0 , l 5 0 m e V^o. 
ft if . ^11? ^lo^ 1 ) MfflfiR kLT'< > K ^mffifriz § < ft h mm It - ffl-T-tt-P jg-H IB 

[0129] 

(I4^i.i) 

cn>m 4 <7>ff^flg<50DBf€3t^^4P#: u -f7L «o «i 0iJ $ ^ "t iHH ft ft ¥ IB 13 T- * * . 
[0130] 

* j£Bfl co $ 4 co mm<r>m m *m # u - ^ t u ^ 4 iu, n ^v^iis^ 2 ± ic 

HUiE^&ffJfliT-SiBfl Lfci 7 ft^^<7>1SS[li<7)fflll7t3!^ip^ u - f43 W ( 1 iXvt 
) icKJiJ 5 ^Tjg®J3 If S C i: IC i ») fitfig? ftTo 4 4 lt&mfiftM*&i* U - ^ 4 
3Slcait"onfc«i'<'; KT*5, fc£L, C ^ S 4 ^ 0 if tt . ffl nit W ^-4? # U - 
•f 4 3lcBiLTg0aiLfc««#J<o«^-i:ttp knk ^it t3ftT^4. EP^, pIGaA 

s *4p#s«i±ic ftTi* o . 15® ic n ran ay %a , ic p mnmMm^m^. $ n 

TU4. ft*?, ffll&7tS#4p^U - fr U A 4 1 ^MfiS^ 5 ±T*. ®%7tS!^ip#U - -f 
4 3 2 iX7cBE0jT£>o T^«*>fto. 
[0131] 



-f 4 3 ^|b]-^Hx4 2 ±ic ^Scmfgi- & :tx\ flitt. 3 j& Aft#&<^ftil5(ic fCffi 
UfcJS-a. la] f^ptc 7* k 4* 0 , Ail left ± L, 

. t§jAAK 7 .h SB**'±# L T t EPISQif 53 k -t C k & < EPSflT $ 6 . t fc . Is] i; ffi 

IC . Si ft ft SS ¥ # U - V t J (Be >8 » « 7] T |/j fF -t S <^ T , If \Z m g§ <50 <f IC ft A jA ^ T ftj ffl 
[0132] 

:£ftBJl<7)?j? 5 <nr>m*M 8 lc3£o*^TM-r £. *ftBfl<75^ 5 coff^li , Bui^^M 
^SgTSUB LfcffiftftSl^ilttu - 1 *7fc3gk ? 'J u,&P OF ( 

^9^f v*Jt77-(^) 5 1 k £ ft A /ift 5£ ft y a. - 4. 5 2 -n *o il ffl tfij * ^ L 

[0133] 

#ft«!<7>& 5 coff^^ft^ftt x ^ - ^ 5 2 T-IJ, §BBftfta!¥4*# U - -f 4 3 
U - *f ft ft*** IE -f S P O F 5 1 ic A *J 3 *U ft 3* 5 ft -5 „ 7* U*POFll 6 5 0 nm 
ic B&iRM^^ # h a •) . 6 5 0 n m^EftftSS^il* U - <f»«ttH- 2 ftT v> 4 **, fft' 
fi'-M < Affile tJ^oTu=5:v\ LE D*««^tiTv>5 6*SSi2^IS a* ffl » T* lGbp 

s ^ Tz MM (£ M^M<7) fz db ic li ^ip # u - -f <p.£«|?T *> * . 
[0134] 

C <?) S 5 </> 0flg<^ Hi ftft SI ¥iP # U - «f 4 3 <75 jft £ li 7 8 On m T Sttli fU » 

utf>-C ft k k icM Settle ^(gftTfc 9 x 7 r -f ><«o bSjRHS: 'tt A $ 

[0135] 

ftia-ft^^ffT-li, IBJffflcJ; 9^<<^^-y*(£j£t-*fcaMC«S^¥i*fl;u- , 'f&«m 

RTflBkftO. «fc 9 < co^- ? ^HJBfic €^T- § 5 J: -7 ic tc o fe. 
[0136] 

Ctf0^5<7)J^flgTMi. Eft7tS^i?#U -*f4 3 kftv r -f ^' 5 1 k £ 1 *t 1 tWfES 

ntzfr. aistt*^a**«a<?>Baf£fta!^i*#u -^id^* 1 jx5cxh 2 tfouicT* u ^ 
ticsiLT, s^^i^^ti c k ic ,t 9 fcigaa* a «?> ic* a^ -e* c k t^'ftgT-^ 
^ . 

[0137] 

$ «b ic . *'f&iflic «k 4 ^fiB* Eft ft 3!^ iff* L-fTH41t ^ffi'Sr P O F 5 1 k £ 
ft A ^ Jb -tf «o T- s C tl * ftia fl x ^ t- A IC ffl v>4 k » (ft =i x h ft ft^l II * - - ^ 5 2 

^ . 

[0138] 

(3? 6 <o0.1g) 

^ftBflcDg? 6 <nBflB* 13 9 ic S -D- o t Qfl -5 . ^ftBflco ^ 6 <r>Bf\Bl$ - nu i£ L i 7 
ftSftftS^i?* I- f 4 3 *ftiia k L . Sftffl "7 th^4t-f--6 1 ^'Sft^-T k L . 
T * 'J iliPOF 6 2 tlA^bt/iTtlf ity--'L 6 3-x^iiffliJij^^L, 09 

[0139] 

BuifiLf- J: 7 ft®ftftS-t-i9#u -f43 trftiifi^ ^ t a ic ffl u h m& . Hftftffl* 
ip#L---^4 3 kPOF 6 2Ui^Ah TAi'^f. (3 9 ic ^ f =fc 7 Ic SI ii ffl <^ B1 ftft M 
- f 4 3 k . Sflfflv * h r 'f t- K 6 1 k , P OF 6 2 k tiApbltfcTtl 
f(lty--'l- 6 S^fflufcfinxh^Ttlfly T.Ti,$IlT-§4. ifc. POF62 



m*i${* u 3 <r>mt>. umn&frg:^ z t , sv. i6Bi«T*i« z k ic £ o . 

[0140] 

£*>fff'6 tfiflSflglcftSBHf&ftai^JiPffcU -"f 4 3 ^ffluf-ftiiflS' * t- ^ k L T tt . ft 
^T^^ffluf:, LAN (Local Area Network) i:Jr(»3>fa- 

?#<7>»gfflfes. s «b-ictt»srt*>#- k bt 1 - ? eas. #-ki«3<?)ls in.' lsi 

10 14 1] 

h ^ * -v 9 k * £ . x * t ^rt <^fI^f£lrc£&^«o®mi#ISt^<bft -f > 7 - n * 9 V \z ~'8L 
^5t. flj [f =i > f - - 9 > * t u <r> t' - K • TO , #-Krt<?5LSIBa. L S I ft <r> M =f 

mm-^^^rnxzi^h^Mit^^ --^52 ^ft^sft * * ->i 6 3 ^m^xm^^ k 

. |H?15i3i3>f^-7>- x^z^ fetpjftg 
[0142] 

£ fc, &&On > ' kf - - 9 ■> UW*-4zft.W\Z&ZKmit : Z >' - - * 5 2 ^ftig^f 
ty ^-4 6 3%ffl^Tj|^Lfci|^, ^Mil h "7 - ? >• 7. t=- a § -5 . tf IC 

[0143] 

(i? 7 «*>JF*flI) 

*ftiw<w» 7 <nmm*m 1 os^si 1 ici^^TUflts, *itiw<?>» 7 cojr*<u« . 

4 ^JF^flglcm-f -5 2 &7G^iBif%ft3^i§t-t* U - *tt u ^ 7 1 *» g ft«R't 
LTffl^/iiDftJf^^S, ^J^i?. u - -4-* -7' ') > ? ^coiiffl m^yji-t. S 1 Ottiii- 

#^-fTM7 1 *>«rit«l*^-tlIII(!9«:iEiBEIT*>«. 
[0144] 

Z<o3? 7 <ofl3flg<o u -•♦f "7 'j > ? Ttt. ffl?£ft^¥ip#:u - vt M 7 1 & $c «o 

«^-^*. U > X 7 2 . i!ffll')^>;7-7 3, \ Q V > X 7 4 m & h * hWl C ft 
^*fflv^-Sffl t; 'i J> 5 7-7 3 %ffiiSl£llE$ if £ k k ic, K -v h fiH*j£*r*> 9 -f 
5 > r^piig L T SiJ^3g^|SjlC v>8t L £?S$(<Oft X * v h k L T ft jt ~M ffi X' & Z> & ft # 7 
5 Jiic*ft LT-Slw«|R<w tr - S k 3 ftT 

[0145] 

CCic, z<r>m 7 <r>^m<r>m¥L^tm^m-Wv -*r t u 4 7 1 It. z. It m l l \z 5jx -f j: 
7 Jcffiffljft* 7 8 0 nm^ffllTti^il^L -^'43£40m m Pi T Si ^ 3E ft ic 1 0 
m m -f o ^ 2 ft •? * it T 4 X 4 <r> 2 iX 7C ic ^ -y ^ S flx 4 2 ± ic ffi ffi 3 1+ *b <r> T *> 0 
. ^'JcT^ ? -( S> C k TJB3te# 7 5 ±T'liHc7> i 7 ic S'J ^ ffi >J |pj ic 1 0 m m 

[0146] 

z «o m 7 <r> mm\z * ^ «r , §y ^ m h ft ic « r o M m ra fs T-©ft # 7 5 ± ic 3 # iA * 
t- *> 0 , 2400DP1 (h-n/of) ic « ^ -t s . ±?tS77 ft co 3 § jA a. m m a , 

ftvl?.4 3 co^'^co ? -i 3 > rTSSlcSijaPT§ * . 1 6 K v V % IS] uf ic ® § iAA5Ti^'T*> 

?&ft^^4¥#u - f43 om^mm-zmm-tz 'z t-z-wim^^^^^^^mmx-B . 2 4 

0 0 DP I J: nUSSlctiZti'Tl. J: 0 ^p a uMcoEP(5iJiJ*5Tig k ft -5 . z <r> W% 7 co 
PflilC J: ^.ffl^ft^-^iP^ U — -f 4 3 li^*cofflf£ft^-t-4?# U -+K «t 0 H it! ft 3 tl 

[0147] 

ft*?. z<r>m 7 <r>mmxitmH^tm^mi¥L u -r 7 1' (skims, Hftay^w 



u - *r 4 3 ) <n u - *r -t >) > 9 f\ <r> m ffl M * t< L 6* , it\£ v o ~r v -f (0T<tf) ic }g 
IK 5 * 3 C k T . CD^lBi?. B£ffl#IBk LTfcffli** £ fc *. 
[0148] 

*mn<n%; 8 <r>mmn . p -y , p-ai x caj. x 

As ( x = 0 . 9) ip-Al x Ga|. x As ( x = 0 . 3) 5 #11 K - 

' < > K I 2 C T <F> 3 &* , d - ( A 1 o . 7 G a o . 3 ) 0 . 5 1 n 0 . 5 P ft 'SH>r 3* II <o K 

- > h*Mg k Lfc^TSft 1 ) - k*>j&tt«.2 *>fl3flg'(E| 4 ) <^ iS n k Is] « T -5 . 
10 14 9] 

( A 1 ) Ga I nPli^pIh'-'OKHTZn ( ffilft ) fc* Ji < ffl tlT u -5 *>« . 

L$v\ H'tt 6*« < & o T M **ft TLfcD. UftiRiR iv o fc JH S 

Tlf1ftt%i < LT L S 7 RUB zntip mi>*T&<r>m<&\* * 0 -HJfB»*«jii 5 

<7>T-. nRJ^if m«fc£ < . KI|[<o^faiATi*;|u. -?j . Mgl3«f^*'ZnJ: •) 
*kt < ±3BraH*fiSC#T* -5. Lft»L..Al , Ga. A s £ k L T £ t? #i?#H ic 

fcuTtt, C <7>SfcfS<i&&«0 7j a*«fc *) 'h 2 £ fc. As &#tfl-lcM g £v£ ;']iiiT £ k > t 'J 

- 5ft * IC * 9 ft!l BP tt **JB < 4- -5 . L o T - C «t> m 8 ^ JfJflgT- tJ , A 1 G a I nPl lc 
liMg?:i*L, A 1 G a A s f li C ^i* L t. Zti\z & *) . K - ' <> h <r> % WL 
^>t'J-J)iS4fiKX'$§:!:T\ ffeij BP 'I*. & < K - f > ■ r t- $ . MS: 8+ ic j£L v ■> k — f. > r 

fr'M h ti -5 k k *t ic vSttli^^^ttfficT^WJx. ft - ft L § u fit . BSffi^fil 
fr*§gi:iaT§4. 
[0150] 

& to . A 1 G a I'nPoK-'O h^Mg k L , Al GaAs^F-'OhtCHfc 
i^^Sdlii, AlGalnP * Jxt* M.<o ft® J)f «IB k LTfflutf^T-K fc t , 1*1 l 

6 5 0 nm##5rS«isl^ffiaitI*iP#i,-^^J:7i;> ft- €13 48 til 
* k [B]+t ic A 1 G a I n P JkttWZWttiSt. L * RWft* A 1 G a A s &**»Tif3aR L T 
o £ ffi?£7tS¥i$i # u - -if ic to t ^ «b ti * . 

[0151] 
( W9 cojKflg) 

*10i^^ 9 <7>Bmtt . n - (A 1 0 . 7Ga 0 . 3) 0 . 5 I no. 5P M^rM 
k p - ( A 1 o . 7 G a o 3 ) o. 5 I n 0 . 5 Fftflaiff » A 1 0 . 5 In 0. 

5 PkGa 0 . 5 I n 0 . 5 P k co k m SB SS+s¥«liH k L ^T55 «r •? . f til u ^ 2 <n 
mm ( 13 4 ) ^>*^ k . 
[0152] 

ttW\z j: oTiStfi*'!? *^ Jlftftfiiii^iP^tt^^fllnR-t* JEJfcRfc'^ia k^i < 4 
■5. UJST> 4 Tctt^l-T^^ A 1 G a I n P tt f& ft fit *>♦ IS *VT u . Z (F> fzlsh vt& "Kt IB 

[0153] 

m$L* U -?fwf£ftf3t^»ft«fe 9 ^5t^»v^/?^ <so JB SIC fl| JB L ^M^-T^iaic t 
•5 k-; Tfe^^icU^ti^^-tiiciS^o k L i^r<75 ¥-m®t8.<n m& t,*Mf& $ nxv>^Jf 
&t [B]+iT-^-2. k AMC k *>*T£ -5. tr;L, ISfr L * ic o T 11 Mfe^ tSia Ic -t -5 C k 
T* x k)^**MC?f mff mit-t -5 k ^OiSS^^-S.. Lfci'oT, Z ^ J: 7 4 *H*£ 7 5h IC J: *) 

[0154] 

-7j» 4 7tttfiT*4Al Ga I nPkJt^T, 3 Tttt T'i> A 1 InP^Galn 
P <o Jft ft fit li $ L 6^ , A 1 G a I n P k m ft ic A 1 1 n P ^ G a ] nPUaA 

s mm\z^-j-m^ $ a & c t § Lt/i'-oT. {**-tnffl/SA 1 g a i n p t-& -> 



$/jifc**i5:#t ctic J: »)*ataAlc «k *»tt«S«±#*(B:«ETS , cfc o ties is 
[0155] 

$rfc . A 1 G a I n P £ A 1 I nPtGa I nPi ic «fc * S««|jetS^«JiTJKflK L 
HI a co 5/j l£ t J A 1 G a I n P £ fx tt ft co {R IS Jff ^ IS k LTfflutifaTS < t^, 121 1 2 

hlnz. iLtz. 6 5 0 n m&WaSMffitft<r>m ffcftS^*** u - *r<n J: 7 Ic . > u < DM ^ M ^ 
Al Ga I n P & » T- tf$ fi£ L T 4 ® IE t£ ^ ±£ if U - ^'Ic feux *b#j-5ft frW «b ti -5 . 
S&1±nB^«b<?))RSMJS*tffl!l6*3Ei<7)T, k^-SMJcoA 1 G a I n P M\z i§ 

[0156] 

0 coffjflg) 

*f£UB<^IBl O^ff^fli^Ei! 3 £3!s-*v*T«Wl-**. zeofTl 0 <r>mmt 3 «o 

[0157] 

»-j£tt, T»R*t«*, aSffiflJ^-bHBSk:* n-Al Asl5I*f*lkn-Al 0l 
3 G a "0 . /As ffiJSJf sfcJB k * 3 1 £3 81!?* IB L /;S 1 TSRWftk . n - A 1 0 . 9 G 

a 0 . 1 a s MJf m k n - a 1 0 . 3 Ga 0 . 7 a s mmnmm t ^ 9 mmm 'm l rz 

m 2 TSPS*T«Lk . *<7)±<0n - ( A 1 0 . 7 G a 0 . 3) 0 . 5 I n 0 . 5 P VkMff m 
1(^7 7 h'l) 1 3 k «o ffli& L fz Z k T £> & . 
[0158] 

■t -s ha ^> sc »tt k ** l , gg t/j <r> u m ± # a* jm mu 2 n . s ti a* n &t- ? *n m as ^ t 

[0159] 

*bL^. > -^JMBfcox -y rm&m 1 TgB/xfFflI<0 A 1 A s *Tlt -5 k . 

SfcM<oA 1 a s saiRisefbii^Sffkiei^jc » > * ffw s ic §g i±j ltusa 1 a s m<r>m 

tt* A 1 G a A s <o$Htif &*tt A 1 fflfiRflc^tt 6*S^T A § < . A 1 fr± % ub .t 
ft 51 & fr± § < «• A 1 A s frm t ffieftil fe' § o 6^ *b T *> -5 . Z (?) fz it) We ft iS 'x 6* 'J^ 5 
v> A 1 G a A s t fflv^tl 2 TpfJxttM^lltf;, =5r*=, $ 1 TSS/xfrf It^o LftfUDr^/lco 

x < 4. m^it^mnmitmfrA 1 a s ic^-f g a ^^»d l t. 

» 1 TSRIx#t«<7)fftS>f kLTA 1 A s T* li 4* < Ga ^#*tiT^T t - KftiSltfft* 
[0160] 

> y f- > nt n -y h 6*. A 1 gtft/S t45 ttigjR&ft 

H k m 1 Tg^/xttlt^ A 1 A s k ^FtSjT-it * -5 «fc 7 tc ?f i liJio. x -v ^ > ^tt C 1 2 ^ 
^4i|A L - )xf5ttU>^-Ai7t>ra (R 1 BE) T? ff o , c <r> m -f =, X v 
^Tt^^ttiT' I n co J&Tt ( 4 5 1 n m) k A 1 co%7t ( 3 9 6 n m ) *>Jt* k •) . f co 
ra^ft^r ^ - 9 L fz. x -y > ^ g| 6* «b ft ^ « ifi "t -5 k. 1 n <7>fg.7t ( 4 5 1 n m ) *» 

4>T-x v * > 7frft± Lfz. Z <r> «k 7 icgJi ic l?3ai4J| < SiJfflJT- § fe. 
[0161] 

* , W H tt . n M Jk V p IUJ co A 1 o . 3 G a o . 7 A s ft M Vf m m k ( A 1 0 . 7 
Ga 0. 3) 0. 5 ln 0. 5 P iftlBtf ^ii k coi^Slc . Witf 2 0 nmwJ53w (A 1 



0. i G a o . 9> 0. 5 In 0. 5P*t , Hlfli*R»+/i^i:T*>«. 
[0162] 

A 1 /Js £ w 4> fl £ A L CO T , W tC p - ( A 1 0 . 7 G a 0 . 3 > 0 . 5 

I no. 5 P <ft®*f ^H±IC p - A 1 0 . 3 G a o , 7 A s MM ft * H ^ fltW "t -5 Jf £ . 
ffflTS a H a tt^ < hK^TS 6BR«*ff«wiBii6*C <'&••). gjglctfSflRTgfc. 5€ic A 1 G 
a A s fc A 1 G a I n P faWftm^-T- □H^T-fl, Al Ga I nP Mft^A 1 111 

fiR*>**S flfiW^fW^'O K^5HSgft*^:g < & o T L i 7 a*, a 1 o 4' 

HBfli *ff A L T u 4 coT'h 2 (T-l, ftiS* <? < T § fc. fir > + R8 JS i: L T A s 

[[3iIicofSi|s firf&Hfl] 
[0163]. 

[HI 1 ] *¥tm<n%S 1 <w^Mli=fci+sW-<nfl|iS#J<7)5flJ*^-tJilIi.f&IBfBni3T#>* 

o 

[ m 3 ] « u« m 2 <r> nm<r> mi&m £ ^ -t m «& »f s 121 t- -5 . 
[0 4] 13 3.<wstt«iaEifli3i*ttai u« lt^-t mht-^*. 

[135] H 3 cr>-gBco¥HEl?£>£o 

[06] *%UB^I3 co^flgcoiS'l4JBEI2]*fiiB*jii J ilS L T L T ^ iitlnfii 13 T- *> S 
¥ ffl [3 T- i> h o 

[Ei 8 ] &¥iw<nm 5 <r>nm<r> - - ^^«««*^Tr«sia ti>s. 

[13 9 ] *MD)?com 6 co^flgtfo-^M^fl* i>* *-'K««fiS«!*^-t«5ElT*>*. 
[13 1 0] -&¥£W<r>m 7 <r>mm<n u - -f "7 > ? co5t^3:»g jAaSR* 4"C> 
«§fa&¥®[3T-£>£, 

[13 1 1] 13 1 0 coffif£7t?fi¥l|i# u --fT u -f cofilfiX^J^^-r/lil W5rIEIEil3T'*> 
[13 1 2] 18, m 9 <r>Mm\zts\^~Z A 1 Ga I n P Jl **± T co fx ItfltT'f* * ti tz « 

[[3 13] *J&HJ|«o£ 1 0 <off2flgeoffl#£*fc U - ^'<oM#iJ£^-<M3T'* -5 . 
[ftSfcOg&Dfl] 
[0164] 

1 Al, In, P*£/«ftfcLT#t?¥iP#JB 

2 Al, Ga, Ast±*^i: LT#tf*59#i 
3 

4 ft&Stttt 

5 ±SJStt« 

7 StfeJi 

8 fijajf^ra 

9 ^ra 
1 1 »#c 

i 3 ©isjff^ra 

1 4 TS&JxWJft 

15 x-< — *fm 

1 6 fiT-#PvS1±Jl 

i 7 p?p ere 

1 8 vSttJi 



19 x-< — *tm 

2 o i&mff mm- 

2 2 ±gBJxt*lf 

2 4 «Ht§« 

2 5 ¥i9#Jl 

2 6 Sfcffi 
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AIGaAs ^JigRfxMgi ( — -gFB> 5 

&ffi9 
AIGalnP WtiV\>i>W 8 
Sti-B 7 

Tg(5S«M (-W)IO 



[EI 4 ] 



Ga I nPAs 




(A)0.7Ga0.3> 0.5InO.5P 

,2G»0.8) 0.5J nO,5P 
±g|I^-^»l 9 



G5D.5) n0.5P«g/8] 7 
(AI0,2Ga0.B) 0.51 nD.5P 

(AJ0.7Gfl0.3) Q.5U0.5P 

®mfr&muH) 1 3 



[13 5 ] 



(lll)A ^rfpj 




i 



[13 6 ] 



G» I nPAs 




(AIO. 7Gb0.3) Q. 5 I n0.5P 

wmm&um 20 

A>0.2G«0.8> 0.51 n0.5P 



Gia6lna4Pfb»iJSna&l1 7 a 
(AI0.2G«D.8) 0.51 nH5P 

rgp^-ya 1 5 
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